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ABSTRACT

This report describes the work done by the Air Quality Group of Crocker
Nuclear Laboratory in the 1987 Southern California Air Quality Study. The
main objective of the study was to form a comprehensive data base of aerosol
and meteorological measurements in the South Coast Air Basin for further air
quality and meteorological studies. Our participation in SCAQS consisted of
monitoring four sites in the Los Angeles basin with high size-time-
compositional resolution, emphasizing the fine aerosols that impact
visibility. The subsequent analyses from two sampling methods (9-stage
impactors for high size-resolution and cyclone samplers with teflon filters
for high compositional sensitivity) led to a relatively complete elemental
characterization of fine aerosols with their size distribution. Sampling and
analysis methods are described along with their results and quality assurance.

Eighty to ninety percent of the fine aerosol mass was accounted for by the
elements from H to Pb, while hydrogen had surprisingly high correlations with
mass (R-squares from 0.88 to 0.99). The size-resolved elemental data showed
that sulfur had complicated size and time patterns across the Los Angeles
Basin with two important patterns emerging in the optically important size
region for sulfur from 0.34 to 2.12um. There can be a growth in total sulfur
concentration with a constant size profile or there can be a change to a
coarser size fraction, generally but not always with increasing concentration.
This suggests there are two different formation modes for sulfur.
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PROJECT SUMMARY

To extend information on aerosol size and composition during the 1987 Southern
California Air Quality Study (SCAQS), the Air Quality Group of Crocker Nuclear
Lab monitored fine aerosols with size distribution and performed full
elemental analyses for primary A and B SCAQS sites: Long Beach-Summer and
Fall, Claremont-Summer, Rubidoux-Summer, and Los Angeles-Fall.

In SCAQS, our primary objective was to help form a comprehensive air quality
data base for the South Coast Alr Basin to be used for various types of air
quality simulation medeling. To assist the SCAQS program, we utilized our
sampling and analysis capabilities to characterize fine aerosols by size and
composition which emphasize their effects upon visibility (e.g. size-resolved
sulfur). This entailed providing elemental data to help resolve particulate
mass into its chemical components, an important goal of any air quality study.
By providing our fine aerosol data, we also made possible many quality
assurance and data validation comparisons to other data; this is important in
achieving a sound data base. We in turn would also benefit from elemental to
chemical comparisons done in the SCAQS database.

The following list highlights what our work provided:

1. Size-resolution of aerosols.

2. An enhanced SCAQS data base with the light elements (H, C, 0, N) that
compose approximately 2/3 of fine particulate mass and are not
available from normal x-ray methods.

3. Quality assurance comparisons between elemental and chemical
measurements and redundant measurements.

4. Identification of trace elements for source attribution.

5. Constraints on indirect techniques such as Chemical Mass Balance.

A secondary objective was our interest in the effects of fine aerosols upon
visibility in the Los Angeles basin. Specifically, we were interested to see
whether sulfur (sulfate in the optically important size region from 0.34 to
2.5pm) had similar causal effects upon the degradation of visibility as we saw
in a previous study near Glendora, the 1986 Carbon Species Methods Comparison
Study.

Monitoring of aerosols was done with eight stage (plus afterfilter) Davis
Rotating-drum Unit for Monitoring (DRUM) impactors continuously operated with
a four hour time resolution. Elemental analysis of the 4 hour samples was
done by Particle Induced X-ray Emission (PIXE) for the elements sodium and
heavier. With five of the nine cutpoints below 2.5 microns, the fine aerosols
most important to visibility degradation were segregated into five different
size ranges. 1In conjunction with DRUM samplers, fine aerosols (PM2.5) were
also monitored with high compositional sensitvity by Interagency Monitoring of
PROtected Visual Enviromments (IMPROVE) cyclone samplers using teflon filters
and standard SCAQS sampling schedules. This allowed analysis of mass, optical
absorption, the elements Na to Pb by PIXE, and the light elements H to F by
Forward Alpha Scattering Techniques to all be done on the same filters. The
combination of the two elemental techniques called total elemental analysis,
analyzed for the elements from hydrogen to lead making direct comparisons of
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total elemental (H to Pb) to gravimetric mass concentrations possible.
Combining the results from the IMPROVE filters and the DRUM gave a relatively
complete size and total elemental characterization of SCAQS fine aerosols.

Results from the filter samples achieved good to very good resolution of
gravimetric mass into elemental constituents. Combining PIXE and FAST
analyses, over B0% of gravimetric mass was accounted for by the elements from
H to Pb. The remaining unrecovered elemental mass was attributed to the loss
of volatiles (e.g. water, volatile nitrogen) during analysis under vacuum.
While the results from total elemental analysis should correlate with mass,
surprise was how well hydrogen correlated with mass at all sites and times,
= 0.88 to 0.99.

a
r2

Using the size-resolved elemental data from the DRUM samplers, the behavior of
sulfur (sulfate), very important in visibility degradation, was found to be
most interesting. Size-resolved sulfur showed complicated patterns by size
and composition across the basin. It was clear that there were two different
patterns (in the Los Angeles basin) that lead to growth of sulfur particles in
the optically important size region from 0.34 to 2.12um. There were not only
increases in sulfur concentration with constant size but also increases in
sulfur with a simultaneous shift out of the accumulation mode to a coarser
mode > 0.56um. The latter should have a disproportionately greater effect
upon visibility. The two patterns suggest there are two formation modes of
sulfur in the optically important size ranges.



Air Quality Group Participation in §

CAQS:

I. SCAQS Sites and Intensive Sampling Days

A. Summer SCAQS - 11 Intensive Days

Long Beach
Claremont
Rubidoux

B. Fall SCAQS - 6 Intensive Days

Long Beach
Downtown Los Angeles

II. Samplers

June 19,24,25
July 13,14,15
August 27,28,29
September 2,3

November 11,12,13
December 3,10,11

A. IMPROVE Fine particle sampler {21.7 liters per minute)
IMPROVE samples were collected on 25mm stretched
teflon filters using a cyclone (PM2.5)

B. DRUM (8 stage) impactor with afterfilter (1.1 lpm)
DRUM samples were collected on Mylar strips
coated with Apiezon-L grease and teflon
afterfilters in the following size ranges:

Stage
Stage
Stage
Stage
Stage
Stage
Stage
Stage
afterfilter

O~ AN W N

15.0 -
.54 -
.26 -
12 -
.15 -
.56 -
.34 -
.24 -

O OO HNE&®

8.
4. 26um

OO OO MN

S4um diameter

.12pm
.15um
.S56um
.34 pum
.24pm
.069um

.069 - 0.00um diameter

*Effective Cut-off Aerodynamic Equivalent Diameter

III. Analysis

A. IMPROVE Teflon Filters - 224 analyzed filters

1. Mass (gravimetric, Cahn 25 electrobalance with NPS/EPA

protocols)

2. Optical Absorption (Laser Integrating Plate Method, LIPM,
calibrated te an integrating sphere)
3. Elements Na to Pb (Particle Induced X-ray Emission, PIXE,

using two X-ray detectors)

4. Light elements hydrogen, carbon, nitrogen, and oxygen
(Forward Alpha Scattering Techniques, FAST)

B. DRUM impactor - over 2,750 four hour samples were analyzed for
over 15,000 non zero values

1. Elements S, Cl, K, Ca, Fe, and Zn (Particle Induced X-ray

Emission, PIXE)



RECOMMENDATIONS

All of our SCAQS data has been reported to the SCAQS data manager (ENSR) and
entered into the SCAQS data base. Our quality assurance comparisons have
shown the data to be in good quality and we shall await the results from
further comparisons and validations.

Besides providing elemental data for various types of quality assurance, our
data should also be a vital part of the various air quality models that will
use the SCAQS data base. As shown by the complicated sulfur patterns across
the Los Angeles basin during SCAQS, any attempt to model visibility would need
size-resolved sulfur.

The 4 analysis techniques for the IMPROVE filters provided enough information
to resolve fine aerosols into their chemical components with just one sampling
method and various non-destructive analysis techniques. Additionally the
filters provided trace elements for source apportionment and the light
elements (H, C, 0, N) not normally measured. In a large study such as SCAQS
there were various types of methods to characterize aerosols by composition
and size, but in smaller studies our combination of two sampling methods (DRUM
and IMPROVE filters) and analysis techniques are an efficient and effective
alternative for a relatively complete size-time-composition characterization
of aerosols.

- vi -



ABSTRACT

DISCLAIMER

ACKNOWLEDGMENTS .

PROJECT SUMMARY .

RECOMMENDATIONS .

TABLE CF CONTENTS .

LIST OF FIGURES

LIST OF TABLES

INTRODUCTION

IMPROVE FILTERS IN SCAQS
Flowrates and Volume
Teflon Filters
Sample Changes
Fieldblanks .

DRUM SAMPLES IN SCAQS .
Flowrates and Volume
Mylar strips

Afterfilters
Fieldblanks .

ANALYSIS TECHNIQUES OF FILTERS

Cravimetric Mass
Optical Absorption
Hydrogen

TABLE OF CONTENTS

' Particle Induced X ray Emmission (PIXE)
Forward Alpha Scattering Techniques (FAST)

ELEMENTAL ANALYSIS: PIXE .

Calibration .

Background Determlnation

Matrix Corrections

Minimum Detectable leits .

Uncertainties .

PIXE Analysis of IMPROVE Filters and DRUM Afterfllters

PIXE Analysis of DRUM Samples

LIGHT ELEMENT ANALYSIS OF FILTERS: FAST

Blank Subtraction .
Calibration .

Minimum Detectable Limits .

Uncertainties

- vii -

ii

ii

iii

. vi

vii

. ix

. xi



RESULTS FROM FINE AEROSOLS IN SCAQS .
PIXE
Gravimetric Hass and Total Elemental Analysis

RESULTS FROM SIZE-RESOLVED AERQSOLS IN SCAQS

QUALITY ASSURANCE AND DATA VALIDATION . .
IRON COMPARISONS FROM MULTIPLE DETECTOR PIXE ANALYSIS
IMPROVE Filters
DRUM Samples . .
REANALYSES AND PRECISIONS .
PIXE: IMPROVE Filters
FAST: 1IMPROVE Filters
PIXE: DRUM Samples .
COMPARISON BETWEEN TOTAL ELEMENTAL ANALYSIS AND GRAVIMETRIC HASS
SULFUR COMPARISON BETWEEN DRUM SAMPLES AND IMPROVE FILTERS

GLOSSARY
LIST OF PUBLICATIONS
REFERENCES

APPENDIX A
IMPROVE Filter Data: Mass, Optical Absorption, FAST, and PIXE

APPENDIX B
Linear Regressions Between Gravimetric Mass

and Total Elemental Analysis

APPENDIX C
Size-Resolved Sulfur: DRUM and IMPROVE Filters

APPENDIX D
Linear Regressions Between Total DRUM and IMPROVE Filter Sulfur .

- viii -

24
24
32

37

. 46
. 47
. 47
. 48
. 49
. 49
. . 49
.. 49

51

. 52

55

. 55

56

58

.9

114

128



LIST OF FIGURES

Figure
Figure
Figure
Figure
Figure

Figure
Figure
Figure

Figure
Figure
Figure

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

10:

11:

12:

13:

14:

15:

16:

17:

18:

19:

20:

SCAQS Study sites

Layout of IMPROVE fine filter module

Schematic illustration of the DRUM impactor .
Summary of experimental results from DRUM impactor
Comparison test of four DRUM samplers .

Beam line and target chamber showing detector placement
for PIXE, PESA, and FAST

Typical mimimum detectable limits (MDLs)
for IMPROVE filters in SCAQS

Typical mimimum detectable limits (MDLs)
for DRUM samples in SCAQS . ..

Spectrum from FAST 62 degree detector of a typical aerosol sample .

Spectrum from FAST 74 degree detector of a typical aerosol sample .

Average Elemental Values, Claremont-Summer (units in ng/m3)

Log-transformations of maximum and average elemental values,
Long Beach-Summer .

Log-transformations of maximum and average elemental values,
Claremont-Summer

Log-transformations of maximum and average elemental values,
Rubidoux-Summer

Log-transformations of maximum and average elemental values,
Long Beach-Fall

Log-transformations of maximum and average elemental values,
Los Angeles-Fall

Log transformations of summer and fall maximum elemental values,
Long Beach

Hydrogen (pg/m3) and its ratio to mass,
Long Beach, December 2-13

DRUM Sulfur (ng/m3) > 0.56um and the percentage of
total PRUM sulfur > 0.56um for June 17-28, all summer sites .

DRUM Sulfur (ng/m3) > 0.56pm and the percentage of
total DRUM sulfur > 0.56um for July 13-17, all summer sites

- ix -

. 15

18

18

21

21

26

. 26

27

. 27

. 28

. 28

. 29

36

. 40

. 41



Figure 21:

Figure 22:

Figure 23:

Figure 23a:

Figure 24:

Figure 25:

Figure 26:

Figure 27:

DRUM Sulfur (ng/m3) > 0.56um and the percentage of
total DRUM sulfur > 0.56um for August 26-31 and
September 1-5, all summer sites .o

DRUM Sulfur (ng/m3) > 0.56pm and the percentage of

total DRUM sulfur > 0.56um for November 10-15, all fall sites .

DRUM Sulfur (ng/m3) > 0.56pum and the percentage of
total DRUM sulfur > 0.56um for December 2-13, all fall sites

DRUM Sulfur (ng/m3) > 0.34pum and the percentage of
total DRUM sulfur > 0.34um for December 2-13, all fall sites

Linear regression between PIXE_ 1 and PIXE 2 iron values,
IMPROVE filters (units in ng/ma)

Linear regression between P%XE 1 and PIXE 2 iron values,
DRUM samples (units in ng/m”); Rubidoux, August and September

Linear regression between PIXE 1 and PIXE 2 iron values,
DRUM samples (units in ng/m’); Claremont, June .

SCAQS standard strip - sulfur from three analysis
sessions (units in ng/m”)

- X -

. 42

. 43

. 44

. 45

. 47

. 48

. 50



LIST OF TABLES

Table

Table

Table

Table
Table
Table

Table

Table

DRUM impactor design criteria
Average elemental concentrations (ng/m3) by site and season.

Percent contribution of elements to sum of elements
(PIXE, Na to Pb) by site and season

Correlation of elements with R > 0.60

Ratios of elements in soil and fine aerosols in SCAQS

Elemental composition of fine aerosols by percentage of mass .

Summary of linear regressions between total elemental
analysis and gravimetric mass

Ratios and correlations between total DRUM (0.0 to 2.12um)
and IMPROVE filter sulfur e e e

- xi -

30

30

31

32

34

36

53






INTRODUCTION

The U.C. Davis Air Quality Group’s (AQG) participation in the 1987 Southern
California Air Quality Study (SCAQS) was centered around two sets of aerosol
measurements. Each of them were taken for specific and to a degree, unrelated
purposes. However, combined together they give a relatively complete size and
elemental characterization of aerosols in the South Coast Air Basin.

The first set of measurements focused on mass and the high sensitivity
elemental analysis of fine aerosols (PM2.5) needed tec reconstruct mass.
Samples were collected on 25mm teflon filters using Interagency Monitoring of
PROtected Visual Environments (IMPROVE) cyclone samplers at the following
sites: Long Beach, Claremont, and Rubidoux in the summer; Long Beach and Los
Angeles in the fall (Figure 1). The sampling protocol matched the standard
SCAQS protocol in time and duration. The teflon filters were then analyzed
for mass, optical absorption, and all elements H through Pb, most to a
detectable limit of a few ng/m”. The analysis of the elements from H to Pb
which we call total elemental analysis, accounted for most of the aerosol mass
(about 80%) and was measured by two separate methods. The first, Particle
Induced X-ray Emission (PIXE), was done for the elements from Na to Pb. The
second, Forward Alpha Scattering Techniques (FAST), is a nuclear scattering
method which was used for the analysis of light elements, H to F, that can not
be measured with normal x-ray techniques. These data were put into the SCAQS
data base for use in modeling and allow detailed study into the nature of the
aerosols, identification of tracer elements for source apportionment, as well
as setting strict constraints on indirect but powerful techniques such as
Chemical Mass Balance (CMB). Secondary goals were established to assist SCAQS
by providing quality assurance comparisons and backing up the SCAQS sampler.
In turn, we will benefit by comparing our results to the extensive chemical
data collected in SCAQS.

The second set of measurements revolved around highly size-resolved aerosol
samples taken in 9 size ranges at the same SCAQS sites and periods. The
size-resolved aerosol collection was done with eight stage (plus afterfilter)
Davis Rotating-drum Unit for Monitoring (DRUM) impactors. The DRUM sampler
was especially designed for visibility studies and continuously operated with
a time resolution of 4 hours. With five different cutpoints below 2.12
microns (pum), the fine aerosols most important to visibility degradation were
segregated into 5 different sizes. Elemental analysis of the 4 hour samples
was done with PIXE for the elements from Na to Pb. The size-resolved
elemental data was also entered into the SCAQS data for use in modeling and
studies (especially those involving visibility) as well as for comparison and
quality assurance purposes.

Tying the two sets of measurements together are their uses in the study of
visibility. Our approach of obtaining data to characterize visibility
comprised of high resolution size-time particulate sampling with as much mass
and elemental information as possible in the optically important size region
below 2.5um. This provides information to explain the causal effects of
aerosols on visibility without requiring size-resolved measurements of every
optically significant component of the atmosphere (unlike SCAQS, this usually
can not be done in small studies). In SCAQS, size-resolved analysis of key
elements collected by the DRUM impactors were combined with a relatively
complete analysis of the fine mode aerosols collected on teflon filters by



IMPROVE cyclone samplers. This combination of sampling and analysis
techniques gives a relatively complete size-time-compositional
characterization of fine aerosols important to an evaluation of visibility in
the Los Angeles Basin.

T S IR A — Y ' :
Ix] " g wie . ”--’"/‘" vad) (.U Lt T . LI riem
Q -— ‘%—n:- P .j’l]"-:? g %?'r.:‘.'. 3’1-'-\:"->'ii$ v >/
™ (";__‘.‘ . L ""r’" 'I‘J p e .,‘ A ~
N T ey ) ORI Y § INLAL e Yy -
s GOV il S Bl Wlardann (V7T o &
T e 1'“"’ ' ( ~111( T T ) g T s
L0 * . o Pyt -y IS Mgt st
¢ ot TR o= :
R [E b P

' __',.' < » -

2 =
s, \ .

‘\.ﬂv . K "

::‘__\

€l
PACIFIC
OCEAN
-
- L,
"n’-‘nmwm-m
N CALIFORNIA AR QUALITY STUDY &,
s o .alb.
f [ 4
Beats & adiop: LEGEND:
' M * | @ A-Sies .
T L LI e -she 5
Soslo & stmerery % Tracer Release Sies i il i

Figure 1. SCAQS Study sites.



IMPROVE FILTERS IN SCAQS

Interagency Monitoring of PROtected Visual Environments (IMPROVE) fine aerosol
samplers (Eldred et al., 1988) measured PM2.5 aerosols during SCAQS. These
modular samplers are used in a nationwide network designed to measure the
concentration and composition of fine particles which impair visibility.
Sites include Class I parks, monuments, and wilderness areas operated by the
National Park Service (NPS), Environmental Protection Agency (EPA), United
States Forestry Service (USFS), Bureau of Land Management (BLM), and United
States Fisheries and Wildlife Service (USFWS). One configuration of the fine
particulate module (Figure 2) of the IMPROVE sampler operated at four
different SCAQS sites using a cyclone (Walter John design) to remove particles
larger than 2.5um. A programmable clock (4 channel, 7 day with battery
backup) in a separate controller module directed airflow to up to 4 different
filters by turning their corresponding solenoid valves con and off so filter
exposures matched the SCAQS sampling schedules. Stretched teflon filters
(25mm) collected particles allowing two separate elemental analyses, FAST
(light elements, H to F) and PIXE (Na to Pb), in addition to mass and optical
absorption measurements. During June and July, the filters were masked down
according to U.C. Davis protocols, but incipient clogging problems caused the
masks to be removed at certain sites for the remainder of the study. This
saved the integrity of the sample collection and resulted in only a slight
loss in sensitivity for the elemental analyses.

Flowrates and Volume

The 21.7 liter per minute (lpm) flowrate required by the cyclone for the 2.5um
cutpoint, was regulated by a critical orifice and measured by two different
methods. The first method measured the pressure drop across the cyclone with
a calibrated magnehelic gauge. Flowrate was calculated using the logarithmic
relationship between flow and the measured pressure drop. The second method
measured the pressure drop across the filter and cyclone with a vacuum gauge
and used the linear relationship between the pressure drop and flow for
flowrate calculations. Both methods are dependent on temperature and ambient
pressure, but for SCAQS both had negligible effects. The vacuum gauge serves
a dual purpose of also checking for leaks in the sampling system and for pump
failure,

On-site flow calibrations were done by U.C. Davis personnel using magnehelic
orifice meters calibrated to a spirometer, Flow audits, conducted by a third
party auditor (mass flow meter), across the IMPROVE network have been within
+/- 3% of U.C. Davis measurements. A sample’s flowrate was determined from
the average flowrate before and after sample collection. Sample volume was
then calculated by multiplying the average flowrate by sample duration, as
measured by elapsed time meters.

Heavy mass loadings during the summer brought about incipient clogging of
filters. Calculations of volume using the average of beginning and ending
flowrates for a sample assume that the flow stays relatively constant and
decreases linearly with time. However, at the onset of filter clogging, flow
drops slowly and then rapidly decreases. With only the beginning and ending
flowrates, not enough information is known about the flowrate in time to
accurately determine the volume of a clogging filter sample. If flowrate for
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a filter sample does not drop by more than 15% from start to end, flow is
relatively constant and linear so the sample volume can be accurately
calculated. In SCAQS, if the measured flowrate of a filter sample decreased
by 15% or more, the sample’s volume and all its subsequent analyses were
considered invalid.

Teflon Filters

The 25mm stretched teflon (3um pore size) filters were transported to and from
SCAQS sites by car or plane in petri dishes. All filter handling and on-site
sample changes were done by trained U.C. Davis personnel. Under ambient room
conditions, pre-weighed and pre-lasered filters were loaded into Gelman, 25mm
filter cassettes, while exposed filters were unloaded from their cassettes and
put back into their respective petri dishes. During June, July, and August,
the deposit area of the teflon filters was reduced from 3.8cm? to 1.1cm by
placing a mask behind the filters. This decreased the area of deposit on the
filter which in turn increased the sensitivity of the elemental analyses by
increasing the loading upon the analyzed deposit area. Unfortunately,
incipient filter clogging at the Claremont and Rubidoux sites eliminated
filter masking in September and in all fall sampling periods.

Sample Changes

On SCAQS intensive sampling days, on-site filter changes were performed once
or twice a day. Clean filters (in cassettes) were installed onto IMPROVE
cyclones with an electronic clock controller switching flow to the next filter
(using solenocid valves). Ending and beginning flowrate readings (magnehelic
and vacuum pauges) were recorded for filters being removed and for filters
being inserted into IMPFROVE modules during each sample change. Flow readings
were taken by manually opening flow through a filter (usually about 5

seconds) . '

Field Blanks

Ten percent of the IMPROVE teflon filter samples were field blanks. Field
blanks underwent the same protocols as actual samples with the exception that
there was no flow through the field blanks. For mass, field blank averages
and uncertainties were calulated with site and season taken into
consideration. Average field blank masses were subtracted from all SCAQS
masses. Field blanks were also analyzed by PIXE with no significant elemental
concentrations found.



DRUM SAMPLES IN SCAQS

The Davis Rotating-drum Unit Monitoring (DRUM) sampler (Cahill et al., 1987e)
1s the product of combining two well-tested techniques (the single orifice
multi{-stage impactor of the Battele design and the rotating drum collection
concept of the Lundgren design) into a single, well-engineered package. The
unit, shown in Figure 3, consists of 8 sequential orifices impacting on 8
slowly rotating drums, plus an afterfilter. The unit impacts aerosols onto
Mylar strips (lightly coated with Apiezen-L grease to eliminate bounce-off)
mounted on rotating drums. After sampling, this results in 8 mylar strips
with linear streaks of size-resolved aerosol deposits that are analyzed by
PIXE.

For SCAQS, the drums with their grease-coated Mylar strips rotated
continuously at the rate of 2mm every 4 hours for up to 2 weeks. At the end
of 2 weeks of sampling, the drums were changed and the process repeated. The
DRUM samplers ran at 1.1 lpm using GAST diaphragm pumps. The units included
battery back-ups on their motor drives so that the drums rotated at all times,
even during power failures. This was essential in keeping track of the times
that sampling occurred. Nine DRUM units exist, all fully tested and
equivalent, four of which operated at 4 different sites during SCAQS.

The DRUM has been exhaustively tested at Davis in laboratory and field
conditions (Raabe, 1983; <cCahill, 1984e), as well as at the Desert Research
Institute (Reno, Nevada) and at the Carbon Species Methods Comparison Study
(CSMCS), 1986 (Cahill et al., 1988a). The DRUM is especially designed for
visibility studies with 5 cut points below 2.5pum. Table 1 contains the
calculated and measured logarithmic size cuts for the DRUM. Bounce-off is
less than 1 part in 5,000 (by mass for stages 2 to 6), despite particulate
loadings that severly violated our monolayer criterion. Laboratory experiment
results for all stages and particles down to 0.0669um, are shown in Figure 4.
Figure 5 shows side by side tests at Davis in severe conditions (T = 42°C, RH
= 16%) which illustrate the size distribution for each chemical species. Note
the double potassium peaks for smoke at 0.3um and soils at > 8um. The error
flags represent the standard deviation of all 4 units, including sampling and
elemental analysis variability. To our knowledge, such a test has never been
done and published for any other multistage sampler.

From the DRUM, size segregated sampling and elemental analysis, major
increases in our understanding of atmospheric aerosols and visibility have
resulted. Most importantly, the strong association of visibility degradation
~with increased sulfur concentrations in the optically important size region
from 0.34 to 2.12um.

Flowrates and Volume

Flowrates for the DRUMs were set at 1.1 liters per minute and the flowrates,
vacuums, and drum rotations were checked daily. Flow was measured using two
independent methods. A minihelic pressure gauge measured the pressure drop at
the 6th stage of the DRUM, while vacuum at the 8th stage was checked for
critical flow. Both measurements allowed calculations of flow based upon
their logarithmic relationships with flow.



Figure 3. Schematic illustration of the Davis Rotating-drum Unit for
Monitoring (DRUM) impactor.
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Table 1. DRUM impactor design criteria.

Impactor Qutlet Cut-oft diam.
Jet W Inlct pressure Outlet u, ECD,  ECD,,
Stage No. (cm) s/ T (kPa) Re (ms ') Mach No. ¢m) (pn})
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1 1046 10 23 01 3490 13940 0.41 0.33 0.24
8 0.041 Jo R\ 743 4510 3150 (KLY 019 0069
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Filter <392 0 0

Sampling rate = I83cm’s *: conditions: 1013k a1 23 C.
ECDaqe Effective cut-off aerodynamic equivalent diameter for impaction stage
ECDar Fffective cut-off aerodynamic resistance diameter for impaction stage
Re Alr flow Reynold's number at impactor arifice outlet (pwu/n)
S Distance from impactor orifice outlet to collection surface
T Tmpactor orifice throat length ’
W Diametzr of circular orifice of an impactor stege
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Summary of cxperimental results from DRUM impactor showing
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collection as a function of the square rooct of particle
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Flow calibration was done by U.C. Davis personnel with a calibrated magnehelic
gauge (calibrated to a spirometer in Davis). SCAQS flow audits of the DRUM
samplers were Iin good agreement with U.C. Davis measurements (within +/-5%).
Flow is extremely consistent for the DRUM samplers and readings rarely
differed from thelr original flow settings. Volume for each 4 hour DRUM
sample was calculated by multiplying the exposure time of 4 hours by the
average of the daily flowrates of a DRUM over a Mylar strip's entire exposure
time (i.e. 2 weeks).

Mylar Strips

Clean Mylar strips were prepared at U.C. Davis using 1/8 mil Mylar
(432pg/cm“). The strips were coated with Aplezon-L grease to minimize
bounce-off of particles (1 in 5000 by mass). Light even-coating was
accomplished by dipping the Mylar strips (mounted on drums) into a 2% solution
of grease dissolved in toluene. Drums rotated 2mm every 4 hours and a set of
eight drums (grease-coated strips) were replaced every 2 weeks of exposure for
each DRUM sampler. To assure that the drums rotated at all times, even during
power failures, battery backup units were used in SCAQS; this ensured that
all sample periods on a strip could be identified. After sampling, the drums
were brought back to Davis. Upon removal from the drums, the Mylar strips
were mounted onto identical plastic frames with the use of a scale. From the
beginning and ending times of exposure, 4 hour sample periods were matched to
their corresponding 2mm streak of aerosol deposit left on the exposed Mylar
strip. The strips were carefully mounted so that the positioning of the
sample deposits correctly matched the known sampling periods and durations.

Afterfilters

DRUM afterfilters collected the ultra-fine aerosols (below 0.069%um) that have
not impacted onto any of the eight DRUM stages and have negligible mass and
optical absorptions which were not measured. Afterfilters had 12 hour sample
durations and consisted of 25mm stretched teflon filters which were loaded
into filter cassettes under room conditions at SCAQS. The filter cassettes
held two filters, the afterfilter plus a second filter which protected the
afterfilter from backflow and contamination. Daily, two afterfilter cassettes
were installed onto the DRUMs. After 12 hours of exposure, a clock timer and
solenoid valve switched flow from one afterfilter to another. Upon removal,
afterfilters were put into petri dishes and transported back to Davis for
elemental analysis by PIXE. Protocols for PIXE analysis of the afterfilters
were the same as for the teflon filters used by the IMPROVE samplers.

Field Blanks

For SCAQS, no specially prepared Mylar strip field blanks were required
because there are already blank areas at the ends of Mylar strips even after 2
weeks of exposure. These blank areas were analyzed by PIXE and showed no
significant elemental concentrations. In fact, they were clean enough to use
for blank subtraction in PIXE.

Afterfilter field blanks accounted for 5% of all DRUM afterfilters. The field
blanks were transported, handled, and exposed just as the other afterfilters,
except there was no actual flow through the field blanks. Just as with our



other types of field blanks, PIXE analysis showed no significant elemental
concentrations.
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ANALYSIS TECHNIQUES OF FILTERS

One of the most important goals for air quality studies involving atmospheric
aerosols is the resolution of particulate matter into its chemical
constituents. In this regard, SCAQS was no exception. However, unlike the
majority of alr quality studies, SCAQS included a very wide variety of
elemental and chemical measurements. Measurements were based upon a variety
of sample collection methodologies designed to directly establish the chemical
constituents of the complex Southern California aerosol. Most studies can not
mount such an intensive effort and must rely upon less intensive sample
collection and analytical procedures, particularly if measurements are
scheduled over an extended period of time at multiple sampling sites.

At U.C. Davis, we have been developing techniques designed to achieve
reasonably complete resolution of atmospheric aerosols into their constituents
based upon repeated non-destructive analyses of single teflon filters. These
techniques Iinclude:

1. Gravimetric Mass (Engelbrecht et al., 1980; <Cahill et al., 1984a)

2. Optical absorption measured by a Laser Integrating Plate/Integrating
Sphere Method (LIPM) (Cahill et al., 1984a; Campbell et al., 1989)

3. Proton Induced X-ray Emission (PIXE) (Cahill et al., 1984a) for the
elements sodium through lead (Na to Pb)

4. Forward Alpha Scattering Techniques (FAST) (Kusko et al., 1988) for
the very light elements, hydrogen through fluorine

5. Proton Elastic Scattering Analysis (PESA) (Cahill et al., 198%a;
Cahill et al., 1987a) which measures hydrogen

By the analysis of all elements from hydrogen through lead (total elemental
analysis), the sum of the elements can then be directly compared to total
gravimetric mass. Clearly, total elemental analysis (plus mass and optical
absorption) on a single filter reduces the cost and effort of sample
collection. It can also reduce analytical costs if one is attempting a
complete resolution of particulate mass Into major, minor, and trace
constituents. But there are other advantages that should be useful even to a
program as complete and intensive as SCAQS. First, all measurements are made
from the same filter, avoiding a number of sampling problems and offering a
very direct way to find the components of mass from the same filter which was
measured gravimetrically . Second, the filter chosen is a relatively
artifact-free stretched teflon filter, with a very low internal surface area.
Both of these factors tend to minimize diffusion-based gas-to-particle
conversion in the filter. Third, since the measurements are non-destructive,
we can do as many or as few of the analyses as the program demands, allowing
us to perform "ex-post-facto"” experiments months or years in the future as
interest warrants.
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The disadvantages of the approach are also numerous. Measurements are made in
vacuum, so that some volatiles are lost before analysis can take place. The
measurements give only the elements involved, so that the chemical form must
be "guessed" within the constraints of the elemental mass balance. Finally,
the last measurement, FAST, tends to damage the delicate stretched teflon
fibers, making them brittle. However, repeated measurements can and have been
done on teflon filters after FAST analyses without statistically significant
changes in results.

For SCAQS, analysis of IMPROVE filters were performed by a variety of
techniques designed to obtain as much compositional information from a single
teflon filter as possible. Descriptions of these techniques follow:

Gravimetric Mass

All gravimetric analyses of teflon filters were done at U.C. Davis using a
Cahn 31 micro-electrobalance under laboratory conditions. For SCAQS, typical
IMPROVE network protocols were used with small variations (e.g. transport) and
were followed for maximum accuracy of lightly loaded samples. Filters were
pre- and post-weighed (before and after sampling) with mass concentrations
determined from a filter’s mass difference (uncorrected sample mass) and
appropriate field blank corrections. Following formal U.C. Davis protocols
(Engelbrect et al., 1980; Cahill et al., 1984a), the gravimetric analysis of
IMPROVE teflon filters yielded mass precisions of better than +/- 1 ug/m

under SCAQS conditions.

Field blank corrections for mass were made by site and season. Field blank
corrections and their uncertainties were as follows:

Long Beach and Rubidoux - Summer : FB = 20 +/- Sug
Claremont - Summer : FB =5 +/- 6ug
Long Beach and Los Angeles - Fall : FB =15 +/- 6ug

Mass uncertainties were based on uncertainties of the gravimetric analysis,
field blank corrections and sample volume:

2, (azvol/volumez)

mass uncertainty2 - (o2 + azblank)/sample mass

grav

dgrav 1 standard deviation of gravimetric analysis, +/- 5Sug
Oplank — 1 standard deviation of field blank mass, +/- 5 or bug

g = 1 standard deviation of volume, 3% of volume

vol
Minimum detectable limits (MDLs) for mass for were based upon the minimum mass
that was considered detectable (lOug) by the electrobalance. The MDLs for
mass were averaged for SCAQS and were reported as 2.00pg/m3 for all IMPROVE
filters.

Optical Absorption

Optical absorption was determined for all filters using the laser integrating
plate method (LIPM) (Cahill et al., 1984a; Campbell et al., 198%9). The LIPM
system has been calibrated to a 4-pi radiometer using NBS traceable reflection
standards (Cahill, private communication) which verified that decreases in the
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LIPM measurements are due only to light absorption by particles. By this
technique, instrumental factors in the measurement can be ascertained and
highly precise results, generally better than +/- 1% are obtained.

A series of standards are run at the beglinning of each set of measurements to
monitor the system calibration. At U.C. Davis, the LIPM system uses a 633 nm
wavelength He(Ne) laser. The light is diffused and collimated to produce a
uniform beam that is about 0.60 cm“ at the sample. LIPM measures the ratio of
transmittance through teflon filters before and after sampling (I, and I
respectively). The measured coefficient of optical absorption is:

babs(measured) = (area of deposit/volume of sample) * ln(I/Io)

Particle loading effects are somewhat troublesome since the monolayer
criterion desirable for the optical measurements conflicts with the loading
criterion for best compositional sensitivity. Aerosol loadings were adjusted
after the June/July SCAQS episodes allowing optical absorption corrections as
validated against the results of the 1986 Carbon Species Methods Comparison
Study in Glendora, Ca. (Cahill et al., 1987b). The need to correct the
optical absorption meaurements arises because densely-packed multiple layers
of absorbing particles deposited on the filters are believed to shadow one
another reducing the effective absorption coefficient (i.e. 2 filters having
identical samples, mass and composition, but with different deposit areal
densities, will have different measured absorption coefficients). No way of
measuring the relationship between absorption and density of aerosol samples
exists. This relationship is dependent on aerosol composition so a
semi-empirical relationship formula was used to correct the LIPM measurements
(Campbell et al., 1989):

byps(true) = babs(measured)/[kept/A + (1-k)e Pt/By

where k = 0.36, A = .22, B = 415 and pt is the mass per unit area
this equation was based on past filter measurements taken
at Davis, Ca., 1989 and GSMCS, 1986

Uncertainties in optical absorption were calculated (summed quadratically)
using the uncertainties from the LIPM measurement, the optical absorption
correction formula, and the sample volume (3%):

azLIPM - (4/In(Io/1))2 * ( 1/102 + 1712 )

%correction = ©.1 * ((1-RAT)/RAT)
where RAT = [kePt/A 4 (1.k)e-Pt/B}

For SCAQS, absorption coefficients were all much greater than minimum
detectable limits (MDLs) so an average MDL of 100 x 10'8 inverse meters was
reported for all SCAQS IMPROVE filters. Optical absorption MDLs are based
upon the assumption that the post-collection LIPM measurement must be one
standard deviation less than the pre-collection measurement. The minimum
coefficient of absorption used was:

bmin = (area/volume) * (0.01*10)

where 0.01 is the standard deviation in the intensity
and I, is the intensity before sampling.
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Since carbon soot usually dominates absorption, the LIPM measurement is also
referred to as a measure of carbon soot. The actual relationship between soot
mass and optical absorption can vary by as much as a factor of 4 depending on
the soot (Cahill et al., 1984a). For SCAQS, our optical absorption
measurements were in units of inverse meters which can be converted to carbon
soot using a typical soot absorption efficiency of 10m%/g.

Hydrogen

Hydrogen was measured by two separate techniques. The first, Proton Elastic
Scattering Analysis (PESA) (GCahill et al., 198%9a: Cahill et al., 1987a) was
simultaneously performed with Proton Induced X-ray Emission (PIXE). Hydrogen
was also measured during the Forward Alpha Scattering Techniques (FAST) (Kusko
et al., 1988) analyses for very light elements, giving two separate and
independent measurements of hydrogen. Unfortunately, quality assurance
comparisons with FAST measurements showed that the PESA system was not working
correctly during the analysis of SCAQS IMPROVE filters (PESA protocols are not
described in this report). No valid hydrogen values were available from PESA
but fortunately there were hydrogen values from FAST. With hydrogen from
either FAST or PESA, it is hard to overemphasize the quality assurance
benefits from the analysis of hydrogen in SCAQS because of the extremely high
correlations between hydrogen and gravimetric mass.

Particle Induced X-ray Emission (PIXE)

The U.C. Davis PIXE system measured the elements sodium through lead with a
recently modified setup (Figure 6) resulting in better sensitivities through
the addition of a second x-ray detector (Cahill et al., 1987¢c). The first
detector, PIXE 1, detects the x-rays from elements sodium through manganese,
as well as some heavier elements at lower sensitivities. The second detector,
PIXE 2, is more heavily filtered to detect elements from about iron through
lead at high sensitivity. 1Iron, seen well by both detectors, is routinely
used for quality assurance purposes. PIXE and its protocols are described in
section ELEMENTAL ANALYSIS: PIXE.

Forward Alpha Scattering Techniques (FAST)

The light elements from H to F were determined by FAST (Kusko et al., 1988)
measurements based on the scattering of 30 MeV alpha particles into two
detectors: a low angle detector at 62 degrees and a high angle detector at 74
degrees (Figure 6). Both measure carbon, but only the low angle detector sees
hydrogen while the high angle detector has the better sensitivity for nitrogen
and oxygen. Protocols and decriptions of FAST are described in section LIGHT
ELEMENT ANALYSIS OF FILTERS: FAST.
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ELEMENTAL ANALYSIS: PIXE

Particle Induced X-ray Emission (PIXE) (Cahill et al., 1984a; Cahill et al.,
1987c) analysis of IMPROVE filters and DRUM samples (afterfilters and Mylar
strips) measured the elements from sodium to lead for all SCAQS samples. This
X-ray spectroscopy method uses a 4.5 MeV proton beam from the cyclotron at
Crocker Nuclear Lab, U.C. Davis. Aerosol samples excited by the beam produce
x-rays, whose energies are dependent upon the elements in the sample. The
X-rays are measured using a multiple detector system. The first detector is
optimized for the lighter elements from Na and heavier, while the other more
heavily filtered detector measures elements from Fe and heavier. Thus, the
detectors overlap near Fe in the elements they analyze and allow quality
assurance comparisons between the two detectors. The data from both Si (Li)
detectors is acquired and processed using a ND65 channel analyzer and a PDP
11/44 computer. The x-ray spectra are analyzed for elemental concentrations
by an automated program specially designed for aerosol samples. PIXE is a
rapid, non-destructive analysis that allows samples to be further analyzed and
allows a concurrent hydrogen measurement by PESA (Proton Elastic Scattering
Analysis).

Calibration

System calibration consists of around 30 elemental foils supplied by a
commercial vendor that are used to calculate the system’s x-ray production
cross sections. Then, at the beginning of every analytical session, the
system calibration of each detector is checked with a smaller series (about
20) of elemental foils. A renormalization of the system calibration is then
calculated based upon these foils and is used for the remainder of the
analysis session. The renormalization is due to differences in the proton
beam, physical setup, etc. and is usually fairly small. The consistency
between analysis sessions is checked by reanalyzing samples from previous
sessions. At the end of a session, a few elemental foils are again used to
check the calibration of the current analytical session.

Background Determination

Background of the spectral peaks arises from the 4.5 MeV proton beam
interacting with the sample substrate (teflon filters or Mylar strips) and
also the sample itself. The resulting smooth spectrum of background X-rays is
produced from either the deceleration of electrons (bremsstrahlung) or from
gamma rays. Background subtraction is done by an automated program in two
parts. Initially, the background is estimated using the spectrum from a clean
blank which removes most of the background. The remaining background is then
mathematically removed.

Matrix Corrections

Matrix corrections are made to compensate for the absorption of X-rays by the
material in the sample deposit. Absorption depends upon the composition of
the deposit, the path length through the deposit, and the X-ray energies.
Particle size corrections for given x-rays are used and depend on the size of
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the particle from which the x-ray is emitted (e.g. PM2.5, PM10). A loading
correction is also used to compensate for absorption by a particle lying over
another particle containing an atom emitting an x-ray.

Minimum Detectable Limits

The calculated minimum detectable limits (MDLs) assume that a minimum number
of x-ray counts 1is required for detection. This minimum number equals 3,29
times the square root of the background counts under the elemental peak bein§
detected. Minimum detectable limits for all analyses are calculated in ng/m
and monitored.

Uncertainties

The uncertainties in PIXE analyses come from statistical and non-statistical
sources which are summed together. The statistical uncertainty is based on
the number of counts in a spectral peak:

Fractional uncertainty = 1 / (number of counts in peak)**0.5

The nonstatistical 5% uncertainty is due to calibration uncertainties of the
analysis system (calibration standards, beam monitoring, etc.) and volume
uncertainties from sample collection.

PIXE Analysis of IMPROVE Filters and DRUM Afterfilters

A1l of the SCAQS IMPROVE filters and DRUM afterfilters were analyzed during
the same analysis session. Calibration protocols, as described previously,
were followed with elemental foils analyzed at the beginning and end of the
analysis session, as well as actual samples from previous sessions. For
background subtraction, a clean 25mm teflon filter was used to estimate the
background due to the teflon substrate in actual samples. The samples were
irradiated for 100 seconds and analyzed for the elements from Na to Pb, most
with minimum detectable limits of a few ng/m”. For the relatively clean
afterfilters, the elements reported to the SCAQS data base consisted of 6
elements (S, C1, K, Ca, Fe, Zn) while 17 PIXE elements were reported for the
IMPROVE filters (Al, Si, S, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, As, Pb, Se,
and Br). Typical, not necessarily the best, minimum detectable limits of the
reported elements for TMPROVE filters in SCAQS are shown in Figure 7.

PIXE Analysis of DRUM Samples

Prior to PIXE analysis, exposed Mylar strips with their narrow, linear streaks
of aerosol deposits are mounted onto plastic frames for analysis. This is
done using a scale in order that the streak of aerosol deposit-on each strip
be centered crosswise on the frame and so that each 2mm of deposit and its 4
hour sample period is accurately known by its lengthwise or lateral position
in the frame. For PIXE, positioning of the strip relative to the proton beam
is crucial for accurate time resolution of each 2mm streak of sample deposit.
The beam is collimated laterally to a width of 2mm to match the deposit area
from 4 hours of sampling by the DRUMs. The height of the beam is 3mm giving
4.2mm across the strip (strip is at 45 degrees) which covers all of the 2mm
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wide deposit area (Cahill et al., 1984e). A stepping gear moves the strip
frame laterally across the beamline in 2mm increments. The following system
checks are done prior to the analysis of actual DRUM samples:

A, At the beginning of each DRUM sample analysis session, various
positions along the Mylar strip and its frame are calibrated. This
is done using blue "burn" paper with 84 marked 2mm positions
corresponding with those of the scale used to mount the Mylar strips
onto their plastic frames. The blue paper, mounted onto a regular
plastic frame, is placed into the beamline. The beam "burns” a
yellow spot onto the paper so the position of the frame and strip
relative to the beam is known. Lateral beam positioning adjustments
are made as necessary by adjusting the location of a 2mm wide beam
collimator. This process is repeated until the 2mm wide beam area is
centered onto the correct 2mm positions of the burn paper and Mylar
strips.

B. Analyses of a copper wire check that both detectors are "seeing" the
same position. The copper wire is mounted in a frame (sometimes
intenionally off-center and only partially in the beamline). As the
beam sweeps across the wire in 2mm increments, the copper analyses
from both detectors should have a constant ratio along the wire if
they are correctly "seeing"” (detecting) x-rays from the same 2mm wide
analysis area.

C. Calibration is done with elemental foils cut into 4mm or émm strips
and positioned into a regular frame. This allows additional beam
alignment checks as well as checking the system calibration. As the
strip standards are incremented across the beam, the analyses are
compared to their known elemental quantities and positions.
Renormalization of the system calibration and beam alignment
adjustments are done as necessary. Just as for the filters, a sample
(strip) from a previous analytical session is reanalyzed to check for
consistency between analysis sessions. The elemental foils are again
analyzed at the end of each session to recheck calibration and beam
alignment.

The above procedures were done for each of the 3 analysis sessions in which
all SCAQS DRUM samples were analyzed. One SCAQS strip was analyzed during all
3 analysis sessions to check the precision among the 3 sessions. The strips
from stages 1 to 3 of the DRUM were irradiated for 30 seconds while the strips
from stages 4 to 8 were irradiated for 60 or 80 seconds for better
sensitivities. Field blank areas of exposed Mylar strips from actual DRUM
samples were clean enough to use for background subtraction of the Mylar
substrate in PIXE. For DRUM samples in SCAQS, the elements S, Cl, K, Ca, Fe
and Zn were reported to the SCAQS database. Typical minimum detectable limits
for the DRUM samples in SCAQS are shown in Figure 8.

- 19 -



LIGHT ELEMENT ANALYSIS OF FILTERS: FAST

The analysis of IMPROVE teflon filters for the very light elements (hydrogen,
carbon, oxygen, and nitrogen) was done using Forward Alpha Scattering
Techniques (FAST) (Kusko et al., 1988; Cahill et al., 1984a). FAST measures
the light elements that are very difficult to measure using PIXE and X-Ray
Fluorescence (XRF) methods. With these two x-ray methods, the low energy
x-rays emitted by the light elements are attenuated before they can be
measured. Instead of using x-rays, FAST measures alpha particles elastically
scattered forward by the target sample, as well as energies emitted from
inelastic collisions. The measured energies of the scattered alpha particles
are dependent upon the mass of the recoil target nucleus that scattered the
alpha particles. The energies of the elastic peaks from the resulting cross
section identify the light elements in the sample, while the number of
particle counts in the peaks are proportional to the elemental amounts. FAST
analysis also contains inelastic peaks due to energies given off when target
nuclei are put into excited states. These inelastic peaks identify and
measure light elements just as the elastic peaks do. Proton-proton scattering
in FAST also allows a measurement of hydrogen. The hydrogen peak in FAST is
due to the recoiled target nucleus rather than the scattered incident
particle.

For FAST, two solid-state particle detectors are used at different angles for
the selected cross sections (Figures 9 and 10). The 62 degree detector
measures hydrogen and carbon (elastic) while the 74 degree detector measures
oxygen (elastic), nitrogen (elastic), and carbon twice (elastic and
inelastic). The total of three separate measurements for carbon are averaged
into one carbon value.

FAST analysis of SCAQS IMPROVE filters was done using 30 MeV alpha particles
produced by the Crocker Nuclear Lab cyclotron at U.C. Davis. Five minute
analyses were done with a similar setup as for PIXE except the two FAST
detectors were placed at different predetermined forward angles (Figure 6).
Data acquisition was similar to PIXE and a specially designed program for FAST
was used to calculate elemental concentrations. From FAST, we were able to
account for most of the elemental aerosol mass (over 2/3) that is not normally
found by x-ray methods. Besides enhancing the SCAQS data base with light
elements (H, C, O, N), FAST provided:

1. An alternative method of measuring carbon without artifact problems
(e.g. quartz filters)
2. Two direct comparisons to mass for quality assurance comparisons
a. Mass vs hydrogen (hydrogen in SCAQS had a very high correlation
with mass)
b. Mass vs total elemental analysis (sum of H to Pb from FAST and
PIXE)

Blank Subtraction

The problem with FAST is that one must see the substrate upon which the sample
1s deposited. Generally, the substrate chosen for sample collection should
not contain any material that the sample will be analyzed for. For FAST, the
selection of the substrate teflon (CFp), composed of the light elements carbon
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Figure 9. Spectrum from FAST 62 degree detector of a typical aerosol sample.
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and fluorine, is actually beneficial to the analysis. The two detectors are
suitable placed to optimize analysis capabilities with a teflon substrate in
mind.

By using teflen (CF;) and assuming that fluorine is far less prevalent in
aerosols than carbon, one can use the teflon C/F stochiometric ratio to
subtract the carbon of the teflon substrate from the analyzed sample. By this
we mean, the elastic fluorine peak (labeled "F" in Figures 9 and 10) from an
aerosol sample is assumed to be from the teflon substrate only. In each
carbon peak, the amount of carbon due from teflon is then estimated by
multiplying the fluorine in the elastic peaks by the carbon to fluorine ratios
of teflon (calculated from the analysis of teflon blanks). The carbon due
from teflon is then subtracted leaving only carbon from the sample. This
subtraction is done for each of three carbon measurements which are then
averaged into one carbon value. These subtractions are the reason that carbon
is the least precise and accurate element. However, there was sufficient
carbon in SCAQS aerosols on most days for good sensitivities,

With many interfering peaks due to the inelastic states of fluorine (from
teflon filters), the forward angles of the detectors were selected so that the
two inelastic fluorine peaks of the 74 degree detector overlapped the elastic
peaks for oxygen and nitrogen (FII with N and F! with 0). This gives well
defined peaks for oxygen and nitrogen which can be easily detected. Blank
subtraction for the ?eaks use_the very stable inelastic to elastic fluorine
ratios of teflon (FI /F and FI/F calculated from analysis of clean teflon
blanks) to determine how much of each peak is due to fluorine in the teflon
substrate. This enables reliable nitrogen and oxygen values after blank
subtraction,

For the FAST analysis of SCAQS IMPROVE filters, clean teflon blanks were
analyzed to establish the average carbon to fluorine ratios for blank
subtraction in the 3 carbon measurements. Inelastic to elastic fluorine
ratios of teflon were also calculated for the nitrogen and oxygen
measurements. All calculated ratios were consistent (+/- 10%) using clean
teflon filters that varied in thickness.

Calibration

At the beginning of every FAST analysis session, the system is calibrated with
a set of standards of known areal density and elemental composition. Mylar
(610H804) and Kapton (CZZHIONZOA) are used as elemental standards in varying
thicknesses (1/16, 1/8, 1/4 mil) and densities. Samples of Mylar plus teflon
are also analyzed to check the system calibration and blank subtraction.

These samples simulate the analysis of an actual sample deposit on a teflon
substrate, with known elemental quantities of C, H, and 0. For the SCAQS
analysis session, results were within an acceptable percentage of the known
amounts .

After the original SCAQS analysis session, it was found that the calibration
for nitrogen was done incorrectly. Calibration for nitrogen was therefore
partially based upon reanalysis of about 15% of SCAQS IMPROVE filters.
Without the proper calibration and also the loss of volatile nitrogen in
vacuum during analysis, all nitrogen values were reported as suspect.
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Minimum Detectable Limits

Minimum detectable limits (MDLs) from FAST are based upon the requirement of a
minimum number of counts. In order for a light element to be considered
statistically significant or detectable, the target sample (teflon + aerosol
deposit) must have more counts than those due to the teflon substrate only.
The difference must be an amount greater than the probable uncertainty in
estimating both the substrate and also the deposit itself. The minimum number
of counts is then converted to an elemental concentration for a sample’s
minimum detectable limit.

minimum number of counts = counts from substrate only * ( 1 +

[ (uncertainty in substrate)® + (uncertainty in sample)2 ]**0.5 )

Typical minimum detectable limits for SCAQS were as follows:

Element Scattering Angle MDL
H 62' elastic-recoil proton 0.05pg/m3
N 74" elastic (subtraction) 0.30pg/m>
0 74' elastic (subtraction} 0.30pg/m
C 62' elastic
c 74" elastic 3.0ug/m3
c 74' inelastic average of 3 carbon peaks

Uncertainties

Elemental uncertainties include factors from sampling as well as FAST
analysis. Analysis uncertainties are caused by factors such as accuracy of
standards, system calibration, subtraction of the teflon substrate, peak
integration, beam monitoring, current integration, etc. The largest sources
of error from FAST are from the following: sample volume, statistical
counting in analysis, blank subtraction and system calibration. For SCAQS,
these uncertainties were summed together appropriately (analysis errors were
added quadratically) and used for the uncertainty calculations of hydrogen,
carbon, oxygen and nitrogen.

For SCAQS, carbon was measured three different ways for one averaged carbon
value per filter, but its uncertainty was calculated in two different ways.
The first used the standard error between the 3 carbon measurements while the
second method averaged the uncertainties from each carbon measurement. The
lower of the two methods was reported to the SCAQS data base as the
uncertainty in the carbon measurements.
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RESULTS FROM FINE AEROSOLS IN SCAQS

SCAQS fine (PM2.5) aerosol samples, collected on IMPROVE teflon filters, were
separated by site and season into five data sets:

Long Beach - Summer
Rubidoux - Summer
Claremont - Summer

Long Beach - Fall
Los Angeles - Fall.

U B W N

The data sets (listed in Appendix A, p.58) are made up of gravimetric mass,
optical absorption, and the elements from total elemental analysis (PIXE and
FAST), H to Pb.

PIXE

Seventeen elements (Al, Si, S, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, As, Pb,
Se, and Br) were reported to the SCAQS data set. Some elements from PIXE
often found in aerosols were later eliminated from the reported data because
of difficulties with analysis (e.g. Na and Mg had background subtraction
problems in PIXE) or sampling (e.g. Cl was not found during the summer in most
samples). Averages, maximums, ratios, and correlations of the SCAQS PIXE
aerosol data were calculated and are discussed.

Figure 11 shows an ordered array of average elemental concentrations for
Claremont. Concentrations spanned six orders of magnitude from 2280 ng/m° for
sulfur to 0.04 ng/m” for selenium. Log-transformations of average and maximum
elemental concentrations for each site and season were plotted (Figures 12-16)
to provide improved definition of elements at low concentrations, some of
which are toxic (e.g. arsenic). The relationship between average and maximum
concentrations decreases as concentrations decrease, with differences being
about a half order of magnitude for high concentrations (e.g. sulfur) and an
order of magnitude for low concentrations (e.g. selenium).

Table 2 shows the average elemental concentrations for each site and season.
They are ordered from high to low based upon Los Angeles-Fall concentrations.
The maximums for each element are underlined and the results are summarized
below:

Highest Average Elemental Concentrations of Reported Data

Long Beach - Summer : S, Ni, Na (not reported)
Claremont - Summer :

Rubidoux - Summer : Al, Si, Ca, As, Se

Long Beach - Fall : K, Ti, V, Mn, Zn, Pb, Br

Los Angeles - Fall : gravimetric mass, Cr, Fe, Cu

Crustal elements Al, Si, and Ca were highest at Rubidoux-Summer. Elements Ni
and V, associated with fuel oil combustion, were highest at Long Beach for the
summer and fall sampling periods. Pb and Br, signatures for vehicular
traffic, were highest at Long Beach-Fall. Zn, a signature for automobile tire
dust, was also highest at Long Beach-Fall. Los Angeles-Fall was second
highest for Pb, Br and Zn. Claremont-Summer, which experiences high ozone
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concentrations during the summer, was only second highest in S. Cr and Cu,
associated with industrial processes, were highest in Los Angeles-Fall.

Table 3 contains the same ordered array of elements as Table 2 and shows the
percent contribution of each element to its PIXE sum-of-elements value (Na to
Pb). Sulfur contribution to PIXE mass was highest at Long Beach-Summer and
lowest at Long Beach-Fall. Na percentage (a signature for marine aerosol) was
highest at Long Beach-Summer. The contributions made by the crustal elements
Al, Si, and Ca were highest at Rubidoux-Summer and lowest at Long
Beach-Summer. Pb, Br and Zn percentages (signatures for vehicular traffic and
tire dust) were highest at Long Beach-Fall, followed closely by Los
Angeles-Fall,

Figure 17 shows log-transformations of summer and fall maximum elemental
concentrations for Long Beach. Summer concentrations were higher for §, Na,
Cr, and As while fall concentrations were higher for Fe, Si, Pb, Al, K, Zn,
Ca, Br, Mn, Ti, Cu, V, and Se,

Ordered arrays of correlation values between element pairs were prepared for
the five sets of sites and seasons (Table 4). The number of element pairs
with correlation coefficients > 0.60 was small at Los Angeles-Fall and large
at Long Beach-Fall and Rubidoux-Summer. The correlations between Fe and Si,
two elements with high concentrations in soil, were 0.98 at Rubidoux, 0.93 at
Claremont, 0.83 at Long Beach-Fall, 0.78 at Long Beach-Summer and 0.53 at Los
Angeles-Fall. The higher correlations between crustal elements at inland
sites of Claremont and Rubidoux and the lower correlations between crustal
elements at Los Angeles-Fall (downtown on a roof) should be expected.

Table 5 shows ratios of each element to Fe in soil and ambient air for the 5
sets of sites and seasons. Combining these data can be helpful in estimating
the contribution of soil to fine aerosols. The ratio of each element to iron
in soil was estimated from a composite soil (Bowen, 1979) and we assumed that
the only significant source of Fe was soil. Using these rough estimates and
our assumption, Table 5 indicates that the Pb/Fe, Br/Fe, S/Fe, Cu/Fe and Zn/Fe
ratios at each site were significantly larger than the ratio in soil. This
indicates non-soil sources of Pb, Br, S, Cu, and Zn which we expect. Other
ratios of note are Ca/Fe and K/Fe. The Ca/Fe ratios at Los Angeles-Fall and
Long Beach-Fall were similar to the soil ratio, yet the Ca/Fe ratio was
significantly higher than the soil ratio at Long Beach-Summer,
Claremont-Summer and Rubidoux-Summer. The K/Fe ratio at Los Angeles-Fall was
similar to the soil ratio while the K/Fe ratio at other locations is higher
than the soil ratio indicating non-soil potassium, Information such as this
may be helpful in evaluating the contribution of soil elements to ambient
aerosol concentrations or to its corollary, the emission of elements into
ambient air by non-soil sources.
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Figure 11. Average Elemental Values, Claremont-Summer (units in ng/ma).
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Figure 13.

Claremont - Stmmer

Log-transformations of maximum and average elemental values,
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Figure 15.

Log-transformations of maximum and average elemental values,
Long Beach-Fall,
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Log transformations of summer and fall maximum elemental values,

Figure 17.
Long Beach.
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Table 2. Average elemental concentrations (ng/m3) by site and season.
Site and season maximums are underlined.

Long Long Los

Beach Claremont Rubidoux Beach Angeles

Element Summer Summer Summer Fall Fall

Mass 26,400 45,800 54,500 75,700 79,700

Sum of 3,830 4,120 4,200 4,150 3,700
Na to Pb

] 2459.1 2284 .6 1821.2 1642.9 1603.8

Fe 93.6 243.4 269.5 293.3 350.0

Si 208.1 426.9 387.1 279.9 264.7

Pb 39.6 83.6 48.7 2502 186.8

Al 101.5 222.3 334.3 171.4 146 .4

K 96.9 133.0 188.9 202.6 137.2

Na 359,90 328.8 275.9 183.9 114.9

Zn 56.2 93.5 29.4 147.0 113.4

Ca 76.1 147.9 492.5 110.6 110.7

Br 8.8 9.6 10.3 9.4 58.7

Mn 1.4 5.7 4.0 28.4 27.6

Ti 9.1 14.0 13.9 22.4 17.0

Cu 4.4 6.5 2.3 9.7 14,2

v 3.4 2.0 0.7 1.7 6.4

As 0.3 0.6 1.3 0.0 1.0

Cr 0.3 0.1 0.1 0.0 0.9

Ni 1.7 0.5 0.3 1.4 0.6

Se 0.0 0.4 0.6 0.4 0.1

Table 3. Percent contribution of elements to sum of elements
(PIXE, Na to Pb) by site and season

Long Long Les
Beach Claremont Rubidoux Beach Angeles
Element Summer Summer Summer Fall Fall
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Table 4. Correlation of elements with R > 0.60.

Element Long Long Los

Pairs Beach Claremont Rubldoux  Beach Angeles
Summer Summer Summer Fall Fall

Al, Ca 0.82 0.83 0.80

Al, Fe 0.92 0.97 0.89

Al, K 0.85 0.91

Al, Mn 0.60

Al, Pb 0.68 0.68

Al, Si 0.71 0.98 0.98 0.88 0.65

Al, Ti 0.84 0.96 0.96

Al, Zn 0.74

Br, Ca 0.69

Br, Cl 0.72

Br, K 0.76 0.84

Br, Mn 0.62

Br, Pb 0.79 0.73 0.78

Br, S 0.65

Ca, Fe 0.68 0.93 0.84 0.84 0.61

Ca, K 0.79 0.88 0.84

Ca, Mn 0.62

Ca, Na 0.63

Ca, Pb ‘ 0.61 0.68

Ca, Si 0.73 0.85 0.86 0.91 0.65

Ca, Ti 0.70 0.73 0.65

Ca, Zn 0.68

Cr, Ti 0.64

Cu, Fe 0.68

Cu, K 0.80

Cu, Pb 0.69 0.83

Cu, Zn 0.68

Fe, K 0.91 0.94

Fe, Mn 0.61 0.78 0.79

Fe, Pb 0.72 0.86 T 0.72

Fe, Si 0.78 0.93 0.98 0.83

Fe, Ti 0.77 0.93

Fe, Zn 0.82

K, Mn 0.62

K, Pb 0.68 0.74 0.71

K, Si 0.63 0.88 0.92

K, Ti 0.80 0.84

Mn, Pb 0.92 0.78

Mn, Zn 0.71 0.70

Pb, Si ‘ 0.65

Pb, In 0.87 0.67 0.76

Si, Ti 0.84 0.95

Si, Zn 0.65 0.63
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Table 5. Ratlos of elements to iron in soil and fine aerosols in SCAQS

Long Long Los
Beach Claremont Rubidoux Beach Angeles
Ratio soil Summer Summer Summer Fall Fall
Si/Fe 8.25 2.22 1.75 2.18 0.95 0.76
Al/Fe 1.78 1.08 0.91 1.24 0.58 0.42
Fe/Fe 1.00 1.00 1.00 1.00 1.00 1.00
Ca/Fe 0.38 0.81 0.61 1.83 0.38 0.32
K/Fe 0.35 1.04 0.55 0.70 0.69 0.39
Ti/Fe 0.13 0.10 0.06 0.05 0.08 0.05
Mg/Fe 0.13 0.65 0.11 . 0.14 0.20 0.23
Mn/Fe 0.10 0.02 0.02 0.02 0.10 0.08
S/Fe 0.02 26.3 9.39 6.76 5.60 4.58
V/Fe 0.00 0.04 0.00 0.00 0.03 0.02
Zn/Fe 0.00 0.60 0.38 0.11 0.38 0.32
Cr/Fe 0.00 0.00 0.00 0.00 0.00 0.00
Ni/Fe ©.00 0.02 0.00 0.00 0.00 0.00
Pb/Fe 0.00 0.42 .34 0.18 0.34 0.53
Cu/Fe 0.00 - 0.05 0.03 0.01 0.03 0.04
Br/Fe 0.00 0.09 0.04 0.04 0.38 0.17
As/Fe 0.00 0.00 0.00 0.01 0.00 0.00

Gravimetric Mass and Total Elemental Analysis

The elements measured by FAST included hydrogen, carbon, nitrogen, and oxygen.
These light elements make up the majority (approximately 2/3) of aerosol mass,
as was seen in SCAQS. Sulfur, from PIXE, was also a major elemental
component. These elements, which are the major contributors to aerosol mass,
have been compared to the gravimetric mass from each filter in order to obtain
a better understanding of the elemental composition of fine aerosols in SCAQS.
Percentages and correlations of these major elements to mass are presented in
the following two tables: Table 6 lists the average elemental composition of
SCAQS fine aerosols by percentage of mass for each site and season; Table 7
shows a summary of results from linear regressions between gravimetric mass
and total elemental analysis - the regressions compare the largest elemental
contributors (C, O, N, H, S) and mass plus the sum of total elements (H to Pb)
and mass; Figures of these linear regressions are shown in Appendix B, p.93.

Total elemental analysis, the combination of FAST and PIXE on the same filter,
for the elements from H to Pb recovered over 80% of the mass on SCAQS IMPROVE
filters (Table 6). The remaining elemental mass that was not recovered (less
than 20%) is attributed to the loss of volatiles (mostly water and also
volatile nitrogen) during analysis under vacuum. The sum of total elements
from H to Pb had very high correlations (R-squares > 0,.89) with gravimetric
mass, as they should. The slopes and intercepts of total elements to mass
give further information to resolve how the elemental mass was recovered. For
example, the slope (1.00) and intercept for Los Angeles-Fall (Table 7)
indicate that an average of 12pg/m3 per filter was not recovered by total
elemental analysis. This means that there was an average offset between the
elemental and gravimetric measurements that was probably from the loss of
volatiles (after the mass measurements) due to the vacuum required by the
elemental analyses. Conversely, the 0.90 slope for Rubidoux-Summer with its
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almost zero intercept agrees closely with the 88% of mass accounted for by the
sum of the total elements (Table 6). This shows that the gravimetric and
elemental techniques differed by a constant factor of about 0.1.

Average masses for the summer sites increased inland from Long Beach to
Claremont to Rubidoux. Long Beach, which is within 10 miles of the coast, had
about half the mass as Claremont and Rubidoux. During the fall intensives,
the average mass at Long Beach was three times greater than for summer and was
also very close to the average mass at Los Angeles. For the fall, average
PM2.5 masses were_greater than those of the summer with mass concentrations
exceeding 100pg/m3 on three separate days.

Interestingly, sulfur seemed to follow the opposite trends of mass as also
previously illustrated in Tables 2 and 3 (p.30). Sulfur and its percentage of
mass were highest at Long Beach-Summer where average mass was lowest, while
sulfur amounts were lowest during the fall when average masses were highest.
Sulfur, was the fourth largest elemental component of mass. It varied from 2
to 10% of mass with its percent contributions decreasing as mass increased for
the five sets of sites and seasons. As seen by its relatively low R-squares
(Table 7), sulfur did not correlate with aerosol mass as well as the other
major elements.

The only element which stayed at a fixed ratio to mass for all sites and
periods was hydrogen. An example of this iIs shown in Figure 18. Hydrogen was
a constant 4 to 5% of mass with only a 1% standard deviation (Table 6). It
was somewhat surprising that hydrogen had such very high R-squares with mass
(0.88 to 0.99) (Table 7) which explains its fixed ratio to aerosol mass. The
near-zero intercepts give slopes that agree with the percentages of hydrogen
in fine gerosol mass from Table 6. Such high correlations between mass and
hydrogen proved to be very helpful in quality assurance procedures.

Carbon and oxygen were the two largest elemental components of mass during
SCAQS. Oxygen was present in larger percentages in the summer, while carbon
was the largest elemental component in the fall. Oxygen also had high
R-squares with gravimetric mass (except for Long Beach-Summer) with almest all
R-squares above 0.91. Unlike hydrogen, oxygen did not stay at the same
percentage of mass for each site and season.

Nitrogen was the third largest elemental component of fine aerosols, ranging
from 8 to 17% of aerosol mass. The lowest percentages of nitrogen were at
Long Beach-Summer and Claremont-Summer. Carbon, nitrogen, and sulfur all had
R-squares of less than 0.70 to mass (except nitrogen during for fall).

The remainder of elements not listed in Tables 6 or 7 were not present in
significant amounts relative to mass for all sites and seasons. They included
soil elements (Si, Al, Ca, K, Ti, Fe), trace elements (Cu, 2Zn, Pb, Ni, Br,
etc.), and marine influences (Na, Cl) which were discussed in the previous
section RESULTS FROM FINE AEROSOLS IN SCAQS, PIXE.

The results from fine aerosols in SCAQS, collected on teflon filters, show
that total elemental analysis accounted for most (over 80%) of the aerosol
mass. The high correlations between the sum of the total elements (H to Pb)
and mass show good agreement between very different and independent
measurements of fine aerosols, gravimetric mass and total elemental analysis.
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Mass measurements from the summer sampling periods showed that aerosol
concentrations increased inland from the coast, as one would expect with
inland sources of pollutants. As seen from the PIXE results, soil
concentrations, correlations, and contributions toc aerosol mass increased from
Long Beach to Claremont and Rubidoux. The fall sampling periods were also
found to be dirtier than the summer periods, by a factor of 3 in mass at Long
Beach. In the fall, the light elements, soil elements, and trace elements
were all at increased concentrations than from summer levels. The exception
was sulfur which seemed to fellow trends opposite to mass, meaning the summer
intensive periods for SCAQS were relatively sulfur rich when compared to the
fall,

In SCAQS, carbon and oxygen were found to be the largest elemental
contributors to mass. Carbon was slightly higher for the fall intensives
while oxygen was higher during the summer. Nitrogen, sulfur, and then
hydrogen were found to be the next largest elemental contributors to mass.
The most interesting result from total elemental analysis of IMPROVE filters
in SCAQS was the high correlation between hydrogen and mass in the Los Angeles
basin. Hydrogen exists in organics, and to a lesser degree in sulfates and
nitrates, in about the same percentages (about 5%) as it did in mass during
SCAQS. Since these chemical components make up the majority of aerosol mass,
it is understandable that hydrogen stayed at a fixed ratio to mass. The
extremely high correlations between hydrogen and mass were also found to be
very helpful in quality assurance, identifying suspect samples or analyses
when hydrogen to mass ratios differed from the consistent "fixed" ratio of 4
to 5%.

Table 6. Elemental composition of fine aerosols by percentage of mass,

Long Beach Claremont Rubidoux Long Beach Los Angeles

Summer Summer Summer Fall Fall
Average 26.4 45.8 54.5 75.7 79.7
Mass(ug/m3) +/- 11.0  +/- 18.7  +/- 24.3  +/- 48.1  +/- 48.2
% Total 81 +/- 11 82 +/- 11 88 +/- 11 80 +/- 9 82 +/- 11
Elements
{H to Pb)
% Carbon 22 4/- 7 29 +/- 8 27 4/- 8 33 4/-11 33 +/- 14
% Oxygen 29 +/- 7 31 +/- 4 34 +/- 5 21 +/- 9 24 +/- 10

% Nitrogen 10 +/- 5 8 +/- 4 17 +/- 9 13 +/- 8 16 +/- 9
% Sulfur 10 +/- 3 5+/- 1 4 +/- 1 I +/- 1 2 +/- 1
% Hydrogen 5 +/- 1 5+/- 1 4 +/- 1 5+4/- 1. 5+/- 1
Note: Filters with significant elemental percentages that were below

minimum detectable limits (i.e. low mass concentrations) or suspect
values were eliminated from this data set.
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Table 7. Summary of linear regressions between total elemental
analysis and gravimetric mass.

Site Period Element R-squared Slope Intercept
Long Beach  Summer Total Elements .935 .942 - 3.26
Claremont Summer Total Elements 926 .863 - 1.72
Rubidoux Summer Total Elements .889 .897 - 0.54
Long Beach  Fall Total Elements .978 .932 - 8.23
Los Angeles Fall Total Elements 982 1.00 -12.05

(sum of H to Pb)

Long Beach  Summer Carbon 674 .341 - 2.94
Claremont Summer Carbon .668 .300 - 0.27
Rubidoux Summer Carbon .543 .196 + 3.73
Long Beach  Fall Carbon .674 .224 + 7.95
Los Angeles Fall Carbon .537 .182 +10.58
Long Beach  Summer Oxygen .747 .302 - 0.28
Claremont Summer Oxygen .923 .348 - 1.39
Rubidoux Summer Oxygen .916 .386 - 1.96
Long Beach  Fall Oxygen .927 .351 - 7.53
Los Angeles ‘Fall Oxygen .956 .413 -11.31
Long Beach  Summer Nitrogen .668 .157 - 1.10
Claremont Summer Nitrogen .390 .080 + 0.01
Rubidoux Summer Nitrogen .662 .301 - 6.65
Long Beach  Fall Nitrogen .831 .264 - 7.52
Los Angeles Fall Nitrogen .905 .322 -10.97
Long Beach  Summer Sulfur .502 .069 + 0.645
Claremont Summer Sulfur .632 .054 - 0.167
Rubidoux Summer Sulfur .512 .022 + 0.648
Long Beach  Fall Sulfur .546 .015 + 0.518
Los Angeles Fall Sulfur .401 .018 + 0.179
Long Beach  Summer Hydrogen .882 .051 - .00%
Claremont Summer Hydrogen .886 .048 - .003
Rubidoux Summer Hydrogen .899 .041 + .098
Long Beach  Fall Hydrogen .983 .047 + .334
Los Angeles Fall Hydrogen .991 .049 + .285

Units for Intercept values are in micrograms per cubic meter.

Note: Values below minimum detectable limits or suspect
values were eliminated from this data set.
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Hydrogen < 2.5 microns
micrograms per cubic meter
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Figure 18. Hydrogen (ug/m3)and its ratio to mass, Long Beach, December 2-13.

Dec 3

Dec 11

Dec 3

- 36 -

Dec 11




RESULTS FROM SIZE-RESOLVED AEROSOLS IN SCAQS

Nine-stage DRUM samplers operated at 3 SCAQS sites in the summer and at 2
sites in the fall. They operated continuously in the summer and only during
intensive periods in the fall with each sampler generating 50 samples per day.
Elemental analysis by PIXE of the DRUM aerosol samples, collected on Mylar
strips and stretched teflon afterfilters, was done for all 17 SCAQS intensive
sampling days. Additionally the non-intensive days June 18, 20, 23, and 26
were analyzed to help put the intensive days into context. Over 2,750 four
hour DRUM samples were analyzed for the elements Na to Pb by PIXE. From these
elements S, Cl, K, Ca, Fe, and Zn were reported to the SCAQS data base.

The size-resolved aerosol data was broken down by site and month as listed:

1. Long Beach - June
2. Claremont - June
3. Rubidoux - June
4. Long Beach - July
5. Claremont - July
6. Rubidoux - July
7. Long Beach - August, September
8. Claremont - Aupust, September
9. Rubidoux - August, September

10. Long Beach - November
11. los Angeles - November
12. Long Beach - December
13. Los Angeles - December

In this section, we present only size-resolved sulfur data since it is the
single most important aerosol component obtained by PIXE analysis of DRUM
samples. In the past, sulfur has been shown to be deeply implicated with
visibility degradation (Barone et al., 1978; Cahill et al., 1987d; Cahill et
all, 1988a; Macias et al., 1988; Ouimette et al., 1982; White et al.,,
1977). Not only is sulfur's mass important to visibility, but its size
distribution is equally important. To have a dramatic effect upon visibility,
sulfur must be in the optical size region that effectively scatters light.
This makes high size and time resolution of sulfur so very important.

One of the purposes of the DRUM study in SCAQS, besides providing aerosol data
by size for the SCAQS data base and modeling, was to examine sulfur size
distributions across the Los Angeles basin under various atmospheric
conditions. An important goal to us, was to ascertain if the behavior of
sulfur and visibility as seen in the 1986 Carbon Species Method Comparison
Study (CSMCS) near Glendora (Cahill et al., 1988a) was typical of the Los
Angeles basin under summer conditions. During the 9 day CSMCS study, a large
(factor of 2) change in visibility was observed on day 6. This change was
most strongly correlated with a sharp (factor of 10) change of sulfur in the
0.56 to 1.15pm size range. Visibility degradation had the strongest
associations with increased sulfur concentrations matched by a size shift out
of the accumulation mode intoc the size region from 0.56 to 2.12um.
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In SCAQS, to gain a better understanding of sulfur in the optically important
size regions, we have plotted DRUM sulfur > 0.56pm and its percentage of total
DRUM sulfur (0 to 15usm) for each site and month. Sulfur from the coarsest 3
stages of the DRUM (2.12 to 4.26pm, 4.26 to 8.54um, and 8.54 to 15um) are in
size ranges too large to have significant effects upon visibility but were in
insignificant quantities and also included in sulfur > 0.56um and its
percentages of total DRUM sulfur. To help examine the sulfur distributions
across the basin, we have put the plots from all sites of the same sampling
periocds next to one another.

Figure 19 shows sulfur > 0.56um and its percentage to total DRUM sulfur for
June 17-28 at Long Beach, Claremont, and Rubidoux. First, there were clear
similarities among all three sites during this period. This shows that the
size distribution of sulfur was regional for the 3 sites, as one might expect
from a secondary aerosol. Local photochemistry also had an effect as the
percentage of sulfur > 0.56um increased (west to east) from Long Beach to
Claremont and Rubidoux. One can immediately notice the differences between
the June 17-20 and the June 23-28 periods with the establishment of a strong
diurnal pattern in sulfur and an increase in the fraction of sulfur > 0.56um.
The increasing size correlated well with the increasing coarse size mode
sulfur (> 0.56um) compounding the effect of sulfur upon visibility. The
diurnal pattern was not nearly as strong for the CSMCS during the "poor
visibility" episode, and was completely absent during the "fair visibility"
period.

The period July 13-17 is displayed in Figure 20. Again, while there are
similarities, there are also striking differences. Note that on July 14, the
amount of sulfur > 0.56um at Long Beach was actually anticorrelated with the
results at Claremont. However, Rubidoux benefitted from a smaller amount of
sulfur > 0.56pm and again, correlated only moderately with Claremont.

The differences among the three sites, so similar in June and less correlated
in July, were amplified in August and September (Figure 21). At that time,
Long Beach was very different in sulfur size distribution and behavior in time
from Claremont. Claremont and Rubjdoux were similar on the average, but the
strong episode of coarse sulfur (> 0,56um) on August 29 was missing at
Rubidoux and the diurnal pattern at Rubidoux in September was completely
absent at Claremont, The striking change in sulfur mass > 0.56um at Claremont
in September should be repeated in the visibility data.

Dramatic changes in both the mass of sulfur and the fraction of sulfur >
0.56um occurred in November at Long Beach and Los Angeles (Figure 22).
However, in December there were major changes in the mass of sulfur > 0.56um
at Long Beach (Figure 23) that were not reflected in the fraction of sulfur >
0.56um. At Los Angeles, the changes were correlated. For comparison, Figure
23a plots the same period in December for sulfur > 0.34um (below 0.34um,
sulfur has little effect upon visibility). These figures suggest there are 2
different patterns of sulfur formation modes. One with the mass and fraction
of sulfur > 0.56um correlated and the other in which they are not. Both Mie
thory calculations and the 1986 CSMCS study show a disproportionate influence
of sulfur mass > 0,56pm upon visibility reduction. However, how growth in
this size region occurs is unclear since sulfur formation modes that change
mass but not size fraction may have different mechanisms than those that
change both mass and size fraction.
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Soils (K, Ca, Fe), the other major aerosol component besides sulfur (sulfate)
from PIXE analysis of DRUM samples, remained in the coarser DRUM stages and
changed very little in size, as expected., They maintained a fixed size
fraction and did not show a rapid size shift into the optically efficient size
range important to visiblity; an exception is potassium, which is present
both in smoke and soil. Other PIXE elements (e.g. trace elements: Pb, Br, Cu
etc.) were not present in large enough concentrations to affect visibility or
to provide reliable results since aerosols below 2.12um were separated into 6
different stages of the DRUM sampler. The PIXE analysis of IMPROVE filters
were used to measure such elements with better sensitivity. Also, no
size-resolved measurements were made on the DRUM for elements lighter than
sodium (although fine carbon and nitrogen were measured with IMPROVE filters),.
Thus, we could not determine how size-resolved nitrogen or carbon correlated
with sulfur.

Further timeplots of size-resolved sulfur are shown by size (stages 4 to 8
plus afterfilter) in Appendix C, p.114., These timeplots also show total DRUM
(0.0 te 2.12pm, the sum of stages 4 to 8 plus afterfilter) and IMPROVE filter
sulfur (PM2.5). Note in these figures that most sulfur is in the two size
ranges 0.56 to 1.15um (stage 5) and 0.34 to 0.56pum (stage 6). Total DRUM
sulfur agreed fairly well with IMPROVE filter sulfur considering that 5 stages
of the DRUM plus an afterfilter had to summed together. Most of the figures
in Appendix C show good agreement between total DRUM sulfur and fine sulfur
from IMPROVE filters, although exceptions for different sites and time periods
were noted. Comparisons between DRUM and IMPROVE filter sulfur are discussed
in section QUALITY ASSURANGE AND DATA VALIDATICN, SULFUR COMPARISON BETWEEN
DRUM SAMPLES AND IMPROVE FILTERS.

DRUM samplers have proven to be a reliable instrument, easy to use in field
situations, generating tens of thousands of elemental data as a function of
size. The most interesting results from the size-resolved data in SCAQS were
obtained from sulfur. The size-resolved sulfur analyses showed a degree of
variation in particulate size and concentration versus site, time, and season
that was clearly large enough to indicate that any attempt to model visibility
without such data would be highly suspect. The SCAQS data showed complicated
sulfur patterns by size and composition across the basin while in the
optically important size region from 0.34 to 2.12um, two patterns emerged.

For the first case, there were Increases in sulfur mass with constant size,
whereas in the other case, the mass increased simultaneously with a size shift
to a usually coarser mode (> 0.56um). This second case is especially
important to visibility, as the shift to an optically important coarser mode
increases sulfur concentrations in the size ranges that have a
disproportionatly heavy influence upon visibility degradation, most
importantly sulfur in the size range 0.56 to 1.15um. One can hypothesize very
different formation mechanisms for the two cases, but the resolution of the
patterns must undergo further interpretation.

- 39 .



DRUM Sulfur (ng/m3) > 0.56pum and the percentage of total

Figure 19,

DRUM sulfur > 0.56um for June 17-28, all summer sites.
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DRUM Sulfur (ng/m3) > 0.56um and the percentage of total

Figure 20.

DRUM sulfur > 0.56pm for July 13-17, all summer sites,
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LOS ANGELES DRUM SULFUR
NOV 10-15
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DRUM Sulfur (ng/m3) > 0.56um and the percentage of total
DRUM sulfur > 0.56um for November 10-15, all fall sites.
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DEC 2-13

LOS ANGELES DRUM SULFUR
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QUALITY ASSURANCE AND DATA VALIDATION

Besides performing Level 1 data validations (Croes et all, 1989) that all
SCAQS participants performed upon their own measurements (e.g. idenifying
suspect samples and analyses), we also performed some of our own level 2 data
validations. To assure that the DRUM and IMPROVE filter data entered into the
5CAQS data base was of good quality (in both accuracy and precision), we made
various checks upon the data. Our measurements of fine aerosols from IMPROVE
filters included 4 separate analysis techniques whose results were compared
among one another when possible. Additionally, our size-resolved measurements
were compared to those of our IMPROVE filters. The following four sections
(listed below) present our most important data validations used to ensure good
quality assurance, We discuss the results of our data validations for
analytical and physical consistencies, as well as pointing out anomolies in
the data.

1. Iron Comparisons from Multiple Detector PIXE Analysis: Compares the
PIXE (Fe) analysis between two separate detectors from the same
irradiated sample.

A. PIXE 1 vs PIXE 2 detectors
1. IMPROVE filters
2. DRUM samples

IT. Reanalyses and Precisions: Checks the consistency and precision
between analysis sessions using the same samples from one analysis
session to another.

A. PIXE
1. IMPROVE filters
2. DRUM samples

B. FAST
1. IMPROVE Filters

ITI. Comparison between Total Elemental Analysis and Gravimetric Mass:
Checks the consistency and accuracy between the combination of
two elemental analyses to a separate, independent analysis of
the same sample.

A. IMPROVE Filters
1. FAST (H, C, O, N) + PIXE (Na to Pb)
2. Gravimetric Mass

1IV. Sulfur Comparison between DRUM Samples and IMPROVE Filters: Checks
for consistency and accuracy between two different sampling methods
and their elemental analysis.

A. Sampling and PIXE

1. DRUM samples
2. IMPROVE filters
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IRON COMPARISONS FROM MULTIPLE DETECTOR PIXE ANALYSIS

The multiple detector PIXE analysis system at U.C. Davis allows two
simultaneous measurements of iron for all PIXE analyses. The setup of the
PIXE 1 detector was designed for better sensitivity of the lower energy x-rays
and is used for the lighter elements, Na to Pb. The second detector, PIXE 2,
is more heavily-filtered and is used for the heavier elements from Ca to
elements past Pb. The two detectors overlap in some of the elements that they
analyze, allowing two measurements of these elements. However, the elemental
values from the detector with the better sensitivities are always used, so
PIXE 1 values are used for Na to Mn while PIXE 2 values are always given for
the elements from iron and heavier.

The overlapping element which is usually found in aerosol samples as well as
being analyzed well by both detectors is iron. The benefit from an iron
comparison between the two detectors is that two analyses of the same
irradiated sample can be checked against another. Ideally the iron values
should almost match, verifying that the calibrations for both detectors and
their analyses are most likely accurate. Comparisons of iron between the two
detectors for all IMPROVE filter and DRUM analyses are shown in the following
plots.

IMPROVE Filters

For the analysis of all IMPROVE filters, iron agreement was good with an
average difference between PIXE 1 and PIXE 2 iron values of 10%. The largest
percentage differences between the two detectors occurred when there were
light loadings of iron. Figure 24 shows the iron values from PIXE 1 and PIXE
2 for all IMPROVE filters analyzed for SCAQS.

y = .947x - 9.161, R-squared: 991
1M A " " " 2 a .

an

&

IMPROVE Filters- PIXE 1 iron
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. IMPROVE Filtors- Pixe 2 iron

Figure 24. Linear regression between PIXE 1 and PIXE 2 iron values,
IMPROVE filters (units in ng/m>).
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DRUM Samples

Examples of comparisons between DRUM iron values in SCAQS are shown in the
linear regression plots of Figures 25 and 26. Agreement between PIXE 1 and
PIXE 2 detectors was good for all SCAQS DRUM analyses (e.g. Figure 25) except
for the DRUM data from June (e.g. Figure 26) in which iron values showed about
a 30% difference. During one of the 3 separate PIXE analysis sessions of the
DRUM samples, the PIXE 2 measurements in which the June DRUM data were
analyzed were determined to be incorrectly calibrated. Using the fact that we
have a multiple detector PIXE analysis system, we were able to easily recover
the PIXE 2 elemental values. We simply used only the elemental values from
the PIXE 1 detector for the June DRUM data which resulted in only a slight
loss of sensitvity for iron and zinc.

Figure 25. Linear regression between PIXE 1 and PIXE 2 iron values,
DRUM samples (units in ng/m3); Rubidoux, August and September.
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Figure 26. Linear regression between PIXE 1 and PIXE 2 iron values,
DRUM samples (units in ng/m3); Claremont, June.
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REANALYSES AND PRECISIONS

PIXE: IMPROVE Flilters

About 5% of the IMPROVE teflon filters were reanalyzed by PIXE during a
separate analysis session. Reanalysis results were generally within 15% of
the original analyses. Precison, defined as the ratio of the standard
deviation to the average of the analyses, was within 15% for the elements seen
in the largest concentrations (e.g. S, K, Ca, Fe, Zn, Pb). Correlations
between the original and reanalysis elemental values were excellent with
R-squares greater than 0.91.

FAST: IMPROVE Filters

Over 15% of the filters were reanalyzed by FAST to check the original
measurements and to examine the consistency and precision between the two FAST
analysis sessions. Precisions for carbon, the most difficult element, were
22%. Oxygen values were within 20% while hydrogen, the element with best
sensitivity, had a precision of 10%. Nitrogen, having volatilization and
calibration difficulties (all nitrogen values were reported as suspect), was
the least precise of the four light elements with a 30% precision.

PIXE: DRUM Samples

Because of the enormous number of hours required to analyze all SCAQS DRUM
strips, they were analyzed in three separate PIXE analysis sessions (each
lasting 2 or 3 days). During each analysis session, one SCAQS DRUM strip was
designated as the standard strip for all SCAQS DRUM analyses. It was analyzed
at the beginning of every session to check the calibrations and the precisions
(i.e. PIXE analysis and beam positioning for accurate time resolution of the 4
hour, 2mm wide samples) between analysis sessions. The selected strip was
stage 5 (0.56 to 1.15um) from Claremont which sampled during a two week period
in June, 1987. The SCAQS standard strip was heavily loaded with sulfur and
very lightly loaded with soil and trace elements.

Sulfur values of the SCAQS standard strip for all three analysis sessions are
shown in Figure 27. All analysis sessions were in good agreement with the
largest differences in sulfur occurring as sulfur changed dramatically in time
(or across the strip). This illustrates the importance in the positioning of
the strip relative to the beam area during analysis. The positioning of the
analysis beam (2mm wide) relative to each deposit area from a 4 hour sample is
crucial to the accuracy of each 4 hour sample’s true elemental concentrations.
This becomes increasingly important when there are sharp changes of aerosol
concentrations in time, as a very small difference in analysis positioning may
result in a significant difference in elemental concentrations.
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Sulfur (ng/m**3)

Correlations between all three analysis sessions were good with R-squares
greater than 0.95, except between the March and May sessions which included
days where sulfur values changed sharply (R-squared of 0.87, but R-squared of
0.97 with two points thrown out). On the average for the 3 analysis sessions,
sulfur values of the SCAQS standard strip were within +/- 15% of one another.

Flgure 27. SCAQS standard_strip - sulfur from three analysis sessions
(units in ng/m3).
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COMPARISON BETWEEN TOTAL ELEMENTAL ANALYSIS AND GRAVIMETRIC MASS

Total elemental analysis, the combination of FAST and PIXE for the elements H
to Pb, of IMPROVE filters from SCAQS was directly compared against a separate,
independent measurement - gravimetric mass. To check the consistency between
the elemental ang gravimetric techniques, each filter's sum of total elements
(H to Pb in pg/m’) was directly compared to the filter's gravimetric mass.

The mass measurements set stict upper limits for total elemental analysis and
they agreed quite well with the sum of the elements. Comparisons between mass
and total elemental analysis were good with R-squares > 0.89. Approximately
80 +/- 11% of the elemental composition by mass was recovered by total
elemental analysis. A summary of the results from the comparisons between
total elemental analysis and gravimetric mass are shown in Tables 6 (p.34) and
7 (p.35) of RESULTS FROM FINE AEROSOLS IN SCAQS, Gravimetric Mass and Total
Elemental Analysis while Appendix B {(p.93) contains figures from linear
regressions between gravmetric mass and total elemental analysis (sum of total
elements, H to Pb).

Appendix B also contains figures of linear regressions between gravimetric
mass and the elements in the largest concentrations (C, 0, N, S, H) for SCAQS
fine aerosols. These elements usually account for most of the airborne
particulate matter since they compose the major chemical components of
aerosols (e.g. organics, sulfates, nitrates, soil oxides, carbon soot).
Although they are the largest elemental components of aerosols, they do not
necessarily have to follow the aerosol mass trends. We compared C, O, N, S,
and H (optical absorption was also included) to gravimetric mass to find any
grossly outlying, suspect values. The comparisons also provided some
interesting results as discussed in section RESULTS FROM FINE AEROSOLS IN
SCAQS, Gravimetric Mass and Total Elemental Analysis. Correlations of the
light elements and sulfur to gravimetric mass were fair for carbon, sulfur and
nitrogen, good for oxygen, and excellent for hydrogen. The very high
correlation between hydrogen and mass in SCAQS allowed us to immediately
identify any suspect samples that did not have the expected ratios between the
two measurements.
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SULFUR COMPARISON BETWEEN DRUM SAMPLES AND IMPROVE FILTERS

To check the consistency between our 2 sets of aerosol measurements,
size-resolved aerosols from the DRUM and total elemental analysis of fine
aerosols from IMPROVE filters, we compared thelr sulfur measurements. To do
this, we summed sulfur from stages 4 to 8 plus the afterfilter for total DRUM
sulfur (0.0 to 2.12um). This was compared to fine sulfur (PM2.5) from the
IMPROVE filters. A summary of the results is In Table 8 while Appendix D
(p.128) contains figures of the linear regressions between total DRUM sulfur
(0.0 to 2.12um) and fine sulfur (PM2.5) from IMPROVE teflon filter samples.
The data was separated by site and DRUM sample periods (up 2 weeks of exposure
on a set of eight drums). Agreement was good considering there were two
different sampling methods and that five stages were summed together for the
DRUM; however there were exceptions which we will discuss.

To make direct comparisons between the sulfur measurements, the SCAQS sampling
periods of the 2 samplers were matched together by their beginning and ending
sampling times. For each sampling day, three 4 hour sample periods matched
while the other 12 hours of a day (1800 to 0600 of the next day if it was also
an intensive sampling day) were averaged together for one additional match per
day. DRUM afterfilters (0.0 to 0.069um) were 12 hour samples and their sulfur
values were added to each corresonding 4 hour DRUM period during which the
afterfilter sampled.

Summer Summer
IMPROVE Sampling Schedule DRUM Sampling Schedule
Period 1 0100 - 0600 PDT 5 hours 0200 - 0600 PPT 4 hours
Period 2 0600 - 0930 PDT 3.5 hours 0600 - 1000 PDT 4 hours
Period 3 1000 - 1400 PDT 4 hours 1000 - 1400 PDT 4 hours
Period 4 1400 - 1800 PDT 4 hours 1400 - 1800 PDT 4 hours
Period 5 1800 - 0100 PDT 7 hours 1800 - 2200 PDT 4 hours
2200 - 0200 PDT 4 hours
Fall Fall
IMPROVE Sampling Schedule DRUM Sampling Schedule
Period 1 €000 - 0600 PST 6 hours 0200 - 0600 PST 4 hours
Period 2 (0600 - 0930 PST 3.5 hours 0600 - 1000 PST 4 hours
Period 3 1000 - 1400 PST 4 hours 1000 - 1400 PST 4 hours
Period & 1400 - 1800 PST 4 hours 1400 - 1800 PST 4 hours
Period 5 1800 - 0000 PST 6 hours 1800 - 2200 PST 4 hours

2200 - 0200 PST 4 hours

Summer and Fall
DRUM Afterfilter Sampling Schedule
1000 - 2200 PDT, PST 12 hours
2000 - 0930 PDT, PST 12 hours

From the original set of matching sulfur data, total DRUM to IMPROVE filter
sulfur ratios for all SCAQS values were calculated. The average ratio was
almost 1:1 as it should be (0.95 +/- 0.27), with total DRUM sulfur slightly
lower than IMPROVE filter sulfur. The particle size range of the samplers for
this comparison was close, 0 to 2.12um for the DRUM and PM2.5 for the filters.
The sulfur ratio was not significantly affected by the slightly lower 2.12um
sizecut for total DRUM sulfur because adding the coarsest 3 stages of the DRUM
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(2.12 to 15um) had a negligible effect upon total DRUM sulfur - there was
little sulfur in that size region.

Although the average ratio between total DRUM sulfur and IMPROVE filter sulfur
differed by only 5%, the standard deviation was slightly high (+/- 0.27) and
the R-squared was only 0.587. After plotting the data, we saw 8 anomolous
data points. We eliminated those data which had a ratio of DRUM to IMPROVE
sulfur that was +/- 2 standard deviations away from the average ratio. After
eliminating the 8 points, the average ratio was not affected, but the standard
deviation dropped to +/- 0.20 and the R-squared improved to a reasonable
0.759.

Table 8. Ratios and Correlations between total DRUM (0 to 2.12um) and
IMPROVE filter sulfur.
Site Peried DRUM/IMPROVE R-S5quared Slope Intercept
All SCAQS 0.95 +/- 0.27 0.587 0.628 560.2
(0.95 +/- 0.20 0.759 0.699 416.0)
Long Beach June 0.81 +/- 0.17 0.725 0.377 922.6
Claremont June 1.02 +/- 0.16 0.603 0.753 523.0
(0.97 +/- 0.07 0.997 0.786 340.7)
Rubidoux June 0.75 +/- 0.12 0.734 0.624 217.9
Long Beach July 0.93 +/- 0.09 0.964 0.773 333.3
Claremont  July 0.87 +/- 0.21 0.600 0.585 612.0
Rubidoux July 0.91 +/- 0.37 ¢.418 -.283 2301.3
(1.11 +/- 0.32 0.682 0.862 242.7)
Long Beach Aug./Sept. 1.00 +/- 0.20 0.349 0.342 1643.8
(1.05 +/- 0.16 0.647 0.507 1293.6)
Claremont Aug. /Sept. 1.09 +/- 0.22 0.610 0.841 385.7
Rubidoux Aug./Sept. 1.09 +/- 0.52 0.262 0.408 1084.9
(0.98 +/- 0.11 0.961 0.801 250.0)
Long Beach Fall 0.93 +/- 0.23 0.379 0.518 635.9
(0.96 +/- 0.21 0.631 0,902 79.6)
Los Angeles Fall 0.98 +/- 0.22 0.958 0.666 228.5
(0.91 +/- 0.20 0.974 0.657 278.8)

Units of intercept values are in nanograms per cubic meter,

Values in parenthesis ( ) contain data in which points have been
thrown out if the ratios of DRUM to IMPROVE filter sulfur were
not within +/- 2 standard deviations of the mean for All SCAQS.

Each of the 8 eliminated data points was then examined to find possible causes
for differences between DRUM and IMPROVE filter sulfur. Possible problems
could have arisen from either sampling or analysis (PIXE) methods and are
listed below. One of the 8 points was attributed to total DRUM sulfur
changing by a factor of two among the three 4 hour sample periods which skewed
the 12-hour-averaged DRUM sulfur value. Another point was due to a slight
positioning offset in the PIXE analysis of a DRUM sample. The other 6
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anomolous points could not be attributed to any one particular problem, but
were possibly a combination of the problems listed below. The most likely
problem being the positioning of PIXE analysis as sulfur changed by a
significant factor within a time span not accurately resolved by the analysis.

1. Positioning of the PIXE analysis: As discussed in section REANALYSES
AND PRECISIONS, PIXE: DRUM Samples, the position of the 2mm wide area
Tepresenting each 4-hour time period relative to the analysis beam
area becomes even more critical as sulfur changes become greater in
time. The analysis position being off by 0.5 mm is equivalent to 30
minutes in time. This could have possibly led to significant errors
when sulfur changed dramatically in a time span that was not
correctly resolved by the PIXE analysis.

2. 12 hour sulfur averages: For an additional match of sulfur per day,
the samples from 1800 to 0600 were averaged together for 12 hour
sulfur values so both sampling methods had matching beginning and
ending sample times. Two sulfur values were averaged for the filters
(6 + 6 hours for summer and 7 + 5 hours for fall) while three 4 hour
periods (4 + 4 + 4 hours) were averaged for the DRUM. The error
resulting from averaging these analyses into 12 hour values also
increased with changes in ambient sulfur concentrations in time.

3. Sampling Protocol of the DRUM: During the daily afterfilter changes
and flow readings, airflow to the DRUM samplers was stopped for 30
minutes. This occurred in peried 2, 0930 to 1000 for most DRUM
samples to put identifiable gaps in the streak of deposit left by the
aerosols. 1Its purpose was to aid in the mounting and correct
positioning of Mylar strips into their plastic frames for PIXE
analysis. The 30 minute gap was only 1/8 of a 4 hour sample period
so the sample was still treated as a 4 hour sample. This
artificially lowered the elemental concentrations for the 0600 - 1000
sample periods for the DRUM. The gap also could have affected the
next 4 hour analysis if the positioning of the analysis was slightly
off.

4. Filter clogging or particle bounce-off: Any IMPROVE filter with
evidence of clogging was eliminated from the data set. For the DRUM,
particle bounce-off was not significant because the Mylar strips were
Erease-coated and the SCAQS aerosols were probably somewhat sticky.
Tests of the DRUM showed that bounce-off effects are 1 in 5000 by
mass (Cahill et al., 1984e) under dry conditions.

5. IMPROVE Filter or DRUM sample mishandling: This was not likely with
the filters since they underwent several analyses that crosschecked
one another (e.g. H to mass correlations). It was slightly more
likely with the DRUM samples since 6 different Stages were used to
calculate total DRUM sulfur (0 to 2.12um). :

- 54 -



GLOSSARY OF TERMS, ABBREVIATIONS, AND SYMBOLS

Analytical Techniques

FAST = Forward Alpha Scattering Techniques (H to F)
LIPM = Laser Integrating Plate Method (C soot)

PIXE = Particle Induced X-ray Emission (Na to U)
XRF = X-Ray Fluorescence {(Ca to U)

PESA = Proton Elastic Scattering Analysis (H)

Sampler Systems

DRUM = Davis Rotating-drum Unit for Monitoring sampler
IMPROVE = Interagency Monitoring of PROtected Visual Environments
cyclone sampler

Other

AQG = Air Quality Group

ARB = Air Resources Board

CARB = California Air Resources Board
CMB = Chemical Mass Balance

CNL = Crocker Nuclear Laboratory
CSMCS = Carbon Species Methods Comparison Study, 1986
ENSR = ENSR Consulting and Engineering
MDL = Minimum Detectable Limit

MeV = Mega Electron Volts

BE = micrograms

pm = microns

PM2.5 = Particulate Matter 2.5um

PM10 = Particulate Matter 10um

SCAQS = Southern California Air Quality Study, 1987
SOCAB = South Coast Air Basin
U.C. Davis = University of California, Davis

LIST OF PUBLICATIORS

1. Cahill, T.A., R.T. Matsumura, B.P. Perley, R.A. Eldred,
L.K. Wilkinson and B. Kusko. 1989, Total elemental analysis of
filters in SCAQS. Presented at the 82nd Annual AWMA Meeting and
Exhibition, Anaheim, CA., June 25-30, 1989,

2. Cahill, T.A., R.T. Matsumura, P.H. Wakabayashi, and M. Surovik. 1989
Size-resolved aerosols and visibility during the Southern California
Air Quality Study. Presented at the 82nd Annual AWMA Meeting and
Exhibition, Anaheim, CA., June 25-30, 1989.

3. Cahill, T.A. and R.T. Matsumura. 1989. Particulate matter by size and

composition during SCAQS. American Association for Aerosol Research.

In preparation.

- 59 -



SELECTED REFERENCES

10.

11.

Barone, J.B., T.A. Cahill, R.A. Eldred, R.G. Flocchini, D.J. Shadoan,
and T.A. Dietz. 1978. A multivariate statistical analysis of
visibility degradation at four California cities.

Atmos. Environ, 12: 2213.

Bowen, H.J.. 1979, viro try o ments p60.

Cahill, T.A., Private Communication. SRS NBS-traceable Diffuse
Reflectance Standards (2% - 99%). Labsphere Inc., North Sutton, New
Hampshire.

Cahill, T.A.. 1980. Proton microprobes and particle-induced X-ray

analytical systems. A. Rev, Nucl, Part, Sci. 30: 211-252.

Cahill, T.A., R.A. Eldred, D. Shadoan, P.J. Feeney, B.H. Kusko and
Y. Matsuda. 1984a. Complete elemental analysis of aerosols: PIXE,
FAST, LIPM, and Mass. Nuclear Instruments and Methods RBR3; 291-295.
Cahill, T.A., Y. Matsuda, D.J. Shadoan, R.A. Eldred, and B.K. Kusko.
1984b. Forward alpha scattering techniques (FAST) for elements
hydrogen through flourine. uclear Instruments and Methods

B3: 263-267.

Cahill, T.A., R.A. Eldred, N. Motallebi, W.C. Malm. 1987a. Organic
aerosols at remote US sites by particulate hydrogen and mass balance
methods. Submitted to Atmospheric Enviroment, November 11, 1987.

Cahill, T.A., R.A. Eldred and M. Surovik. 1987b. Comparison of
total elemental analysis and gravimetric mass in the 1986 Carbon
Shoot-Out. Presented at the Third International Conference on
Carbonaceous Particles in the Atmosphere, Berkeley, CA, Oct. 8 1987.
Paper D-6.

Cahill, T.A., R.A. Eldred, D. Shadoan, B.P. Perley, P.J. Feeney,
B.H. Kusko, H. Miyake. 1987c. Multiple detector system for rapid
PIXE analysis. Transactions of 12th International Symposium:
Applications of lon Beams in Materials Science, Tokyo, Japan ;
September 2-4, 1987.

Cahill, T.A., P.J. Feeney, R.A. Eldred and W.C. Malm. 1987d.
Size/time/composition data at Grand Canyon National Park and the role
of ultrafine sulfur particles. s Protection: Research an
Policy Aspects, ed. by P.S. Bhardwaja, APCA, Pittsburg, PA. :657.

Cahill, T.A., P.J. Feeney, R.A. Eldred. 1987e. Size-time profile of

aerosols using the DRUM sampler. Nuclear Instruments and Method in
Physics Research, B22(1987)344-348,

- 56 -



12.

13.

14.

15.

16.

17.

18.

19,

20.

21.

22.

Cahill, T.A., M. Surovik, R.A. Eldred, P.J. Feeney, N. Motallebi.
1988a. Visibility and particle size at the 1986 Carbon Shoot-Out and
1987 WHITEX programs. Presented at the APCA 8lst Annual Meeting,
Dallas, Texas, June 20-24, 1988.

Croes, B.E., J.F. Collins. 1989. Data management for the Southern
California Air Quality Study. Presented at the 82nd Annual Meeting
of the Afr and Waste Management Assoclation, Anaheim, Ca., June
25-30, 1989. Paper 89-138.6.

Eldred, R.A., T.A. Cahill, M. Pitchford, W.C. Malm, 1988b. IMPROVE-A
new remote area particulate monitoring system for visibility studies.
Presented at the APCA 8lst Annual Meeting, Dallas, Texas, June 20-24,
1988. Paper 88-54.3.

Cahill, T.A., R.A. Eldred, B.H. Kusko, P.J. Feeney, W.C. Malm.

1989a. Concentrations of natural hydrocarbon particles at National
Park Service sites as derived from mass/hydrogen/sulfur correlations.
Presented at of APCA Speciality Conference: Visiblity

Engelbrecht, D.R., T.A. Cahill, P.J. Feeney. 1980. Electrostatic
effects on gravimetric analysis of membrane filters. Air Pollution
Control Association Journal 30:391-392.

Kusko, B.H., T.A. Cahill and R.A. Eldred. 1988. Non-destructive
light element analysis by Forward Ion Scattering Techniques.
Presented at APCA 8lst Annual Meeting, Dallas, TX., June, 1988.
Paper 8B-53.4.

Macias, E.S., J.0., Zwicker, and W.H. White. 1981. Regional haze
case studies in the southwestern U.S$.-I1. source contributions,
Atmos. Environ. 15: 1987.

Ouimette, J.R., R.C. Flagen. 1982, The extinction coefficient of
multicomponent aerosols. Atmos, Environ, 16: 2405,

Raabe, 0.G., D.A. Braaten, R.L. Axelbaum, S.V. Teague, T.A. Cahill,
1988. Calibration studies of the DRUM impactor. J. Aeroscl Science
Vol. 19,No. 2, 1983: 195.

White, W.H., P.T. Roberts, 1977. On the nature of visibility -
reducing aerosols in the Los Angeles Air Basin.

Atmos. Enviyron, 11: 803.

Winter Haze Intensive Trace Experiment, 1987. Grand Canyon N.P.,
Page, Az, Bullfrog Marine, Utah, and Canyonlands N.P. Jan. 7 to
Feb. 17, 1987.

- 57 .



Appendix A

IMPROVE Filter Data: Mass, Optical Absorption, FAST, and PIXE

Gravimetric mass (Cahn 31 electrobalance), optical absorption (LIPM), and
elemental measurements (FAST and PIXE) of all analyzed SCAQS IMPROVE teflon
filters are listed by site in Appendix A. If a measurement was below minimum
detectable limits, the MDL is given and denoted by negative sign. The data
also includes filters which were not reported to the SCAQS data set due to
sampling or analysis problems (i.e. filter’'s status is nonblank). The
reported light elements from FAST analyses include hydrogen, carbon, oxygen,
and nitrogen in micrograms per cubic meter. All nitrogen values were reported
as suspect because of calibration difficulties as well as possible loss of
volatile nitrogen under vacuum during analysis. Reported PIXE elements
include Al, Si, S, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, As, Pb, Se, and Br in
nanograms per cubic meter,
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Long Besch - IMPROVE Filter Date

Site: Long Beech
Project: SCAQS 1987, Summer and Fall
Organization: UC. Davis
Sampler: IMPROVE Cyctone - Teflon Filters
Particulete Size: < 2.5um
Analysis: Gravimetric Mess, Opticel Absorplion, FAST, PIXE
Units: micrograms per cubic meter for Mass and FAST: Hto O
: 10%*(-6) meters for Optical Absorption
: nanograms per cubic meter for PIXE : Ne to Br
# of Samples : 85
Column Header: I0 = identification # of sample for each row
- Description : Start Day, Month, Time{military time, PDT for Summ
and PST for Fall)
: Stetus = CG - clogged filler, uncertain volume
= PP - Sample duration is >> SCAQS schedule
= OY - overlap of volume between 2 filters, uncerisin volum
= PX - unecceptable PIXE Anelysis
= XX - did not sample
: EY = Sample Durations(decimal hours)
: Ma = Gravimetric Mass - ng/m#*#3

: DA = Optical Absorption - 10**(-6) meters
: Elemental Concentrations {eq. Fe=iron) and uncertainties
If element is below minimum detectable limits(MDL),

the MDL is given{ mar ked by a negative sign).

ID  Dexcription  Siatus ET( hrs. ) Me 0A ( 10**6 inverse meters )
1 19JUNC100 470 1555 +/- 137 15.78 +/- 0.59
2 19JUN 0600 349 17.08 +/-1.83 18.08 +/- 0.72
3 19JUN 1000 376 2355+/-195 2203 +/- 082
4 19JUN 1400 349 2221 +4-191 25.16 +/- 093
S 19JUN 1800 670 2039 +/- 111 16.59 +/- 052
6 24JUNO100 476  31.65 +/- 1.61 19.24 +/- 058
7 24JUN 0600 350 4026+/-224 2932 +/-093
8 24JUN 1000 375 25.19 +/- 180 26.93 +/- 094
9 24JUN 1400 351 2421 +/- 191 26.64 +/- 0.96

10 24JUN 1800 675 2479 +/-1.2% 16.96 +/- 0.50

11 25JUN 0100 476 2845 +/7- 156 17.80 +/- 0.56

12 25JUN 0600 350 25.12+/-194 23.50 +/- 0.84

13 25JUN 1000 T 18.41 +/-1.76 23.37 +/- 0.89

14 25JUN 1400 349 2098 +/- 191 2419 +/- 091

15 25JUN 1800 650 2518 +/-1.26 23.28 +/- 0.69

16 13JUL 0100 474 1308 +/- 134 14.39 +/- 0.56

17 13JUL 0600 350 2661 +/-193 3859 +/-1.35

18 13JUL 1000 375 2582+/-188 3357 +/-1.18

19 13JUL 1400 349 20003 +/-1.88 26.26 +/- 1.00

20 13JUL 1800 670 144t +/-1.03 12.47 +/- 044

( units in micrograms/m**3 )
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Description
14JUL 0109
14JUL 0600
14JUL 1000
14JUL 1400
§4JUL 1800
{SJUL 0100
15JUL 0600
15JUL 1000
1SJUL 1400
1SJuUL 1800
27AUG 0100
27AUG 0600
27AUG 1000
27AUG 1400
27AUG 1800
2B8AUG 0100
28AUG 0600
26AUG 1000
28AUG 1400
Z28AUG 1800
29AUG 0100
29AUG 0600
29AUG 1000
29AUG 1400
29AUG 1800
02SEP 0100
02SEP 0600
02SEP 1000
02SEP 1400
02SEP 1800
033EP 0100
03SEP 0600
03SEP 1000
03SEP 1400
03SEP 1800
11NOY 0000
1 1NOY 0600
{1NOY 1000
1 1NOY 1400
11N0Y 1800
12NOY 0000
12NOY 0600
12NO¥ 1011
1ZN0Y 1400
12NOY 1800
13NOY 0000

Stetus

PP
PP

Long Beach - IMPROVE Filter Date

€T( hrs. ) Ma
476 1948 +/- 1.44
349 2516 +/-1.99
378 3332+/-203
5348 2658 +/- 197
6.80 17.40 +/- 1.06
477 1470 +/- 1.4
3.50 17.00 +/- 1 91
362 1210 +/- 1.82
3.48 7.21 +/- 183
6.70 16.10 +/- 1.11
475 24.29 +/- 1.49
3.48 3316 +/- 2.03
375 28.19 + /- 1,86
348 21.73 +/- 199
6.73 26.15 +/-1.19
470 27.09 +/- 1.54
3.49 5073 +/-2.33
374 5917 +/-248
348 36.90 +/-~ 2.21
6.72 2819 +/- 1.26
4.75 4392 +/- 194
3.48 3723 +/-211
3.79 37194 +/- 201
3.49 3394 +/- 2.05
6.73 1867 +/- 1.08
470 2397 +/-1.41
3.48 4016 +/- 2.04
3.70 65.57 +/- 251
3.48 24.18 +/- 1,80
6.73 1857 +/-1.00
4.70 2406 +/- 1.40
3.49 2942 +/- 1.8%
3.70 2623 +7- 174
3.49 19.29 +/- 1.74
6.74 1459 +/- 0.95
6.00 2951 +/-1.36
3.60 3204 +/-198
10.56 48.49 +/- 1 56
4.00 2347 +/- 1.64
8.30 39077 +/-1.39
6.00 3890 +/- 152
360 9206 +/- 3.16
3.86 4555 +/-2.10
4.00 75.69 +/- 271
6.00 3413 +/- 1 .43
6.05 7318 +/- 2.40

0A ( 10**6 inverse meters )

12.68 +/- 0.46
21.27 +/-0.78
3461 +/- 1.14
31.27 +/7-1.10
15.07 +/- 0.50
10.38 +/- 0.41
18.96 +/- 0.76
14.85 +/- 065
1559 +/- 0.76
10.38 +/- 0.37
19.62 +/- 0.64
47.49 +/- 1.56
36.16 +/- 1.22
31.36 +/- 1.10
22.81 +/- 0.63
20.58 +/- 0.65
5764 +/- 1.61
61.69 +/- 1.59
36.01 +/- 117
20.37 +/- 0.56
26.47 +/- 0.72
2733 +/-0.88
2384 +/- 0.73
2563 +/- 084
14.10 +/- 0.45
39.40 +/- 191
102.44 + /- 458
112.28 +/- 429
44.28 +/- 2.34
22.42 +/- 1.05
18.77 +/- 1.00
33.25 +/- 1.69
39.86 +/- 2.03
249t +/- 1.5¢
16.78 + /- 0.87
9493 +/- 4.17
107.38 +/- 5.40
117.98 +/- 3.76
47.07 +/- 2.52
104.66 +/- 3.81
108.47 +/- 431
272.39 +/- 995
68.09 +/- 298
11327 +/- 420
5243 +/-2.16
75.31 +/- 2.45

( units in micrograms/m**3 )
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Description

1 3NOY 0600
13NOY 1000
13NOY 1400
13NOY 1800
03DEC 0000
O3DEC 0600
O3DEC 1000
O3DEC 1400
03DEC 1800
10DEC 0000
10DEC 0600
10DEC 1000
10DEC 1400
10DEC 1800
11DEC 0000
1 {DEC 0600
{1DEC 1000
1 1DEC 1400
{ IDEC 1800

Status

ET
384
4.00
4.00
6.00
6.00
3.87
400
4.00
6.00
6.00
3.73
4.00
4.00
6.00
6.00
3.77
400
4.00
6.00

Long Beach - IMPROYE Filter Dste

Me
79.82 +/- 284
2550 +/- 1.67
2094 +/- 1.61
19.67 +/- 1.15
12981 +/- 403
192.64 +/- 6.00
172.87 +/- 5.44
162.82 +/-5.12
115.05 +/- 3.60
123.19 +/- 383
102.94 +/- 3.48
79.25 +/- 281
4204 +/- 196
4988 +/- 1 80
65.36 +/- 2.20
65.32 +/- 251
9283 +/-2.18
97.04 +/- 3.27
139.85 +/- 432
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OA ( 10**6 inverse meters )

81.70 +/- 3.00
33.46 +/- 1.81
29.74 +/- 174
22.18 +/- 117
22474 +/- 5.87
303.38 +/- 8.11
187.00 +/- 5.10
142.36 +/- 400
138.71 +/- 3.77
259.95 +/- 7109
220.71 +/- .69
109.05 +/- 3.99
715.85 +/- 3.36
139.42 +/- 533
133.63 +/- 459
151.76 +/- 597
88.35 +/- 3.64
123.52 +/- 422
223.78 +/- 559

( units in micrograms/m**3 )



VO~ UTTHLWNN—O

Description
19JUN 0100
19JUN 0600
19JUN 1000
19JUN 1400
19JUN 1800
24JUN 0100
24JUN 0600
24JUN 1000
Z24JUN 1400
24JUN 1600
25JUN 0100
25JUN 0600
25JUN 1000
25JUN 1400
25JUN 1800
13JUL 0100
13JUL 0600
13JUL 1000
13JUL 1400
13JUL 1800
14JUL 0100
14JUL 0600
14JUL 1000
14JUL 1400
14JUL 1800
1SJUL 0100
15JUL 0600
15JUL 1000
15JUL 1400
15JUL 1800
27AU6 0100
27AUG 0600
27AUG 1000
27AUG 1400
27AUG 1800
2BAUG 0100
28AUG 0600
28AUG 1000
28AUG 1400
28AUG 1800
29AUG 0100
29AL6 06900
29AUG 1000
29AUG 1400
29AUG 1800
02SEP 0100

Stetus

Long Beach - IMPROYE Filter Data

H
055 +/- 0.03
0.66 +/- 0.03
0.95 +/- 0.05
0.85 +/-0.04
0.66 +/-0.03
1.49 +/- 0.07
1.88 +/- 0.09
1.23 +/- 0.06
115 +/7- 0.06
1.14 +/7-0.06
1.34 +/- 0.07
1.29 +/- 0.06
0.97 +/7- 0.05
1.13 +/- 0.06
114 +/7-0.06
058 +/- 0.03
1.01 +/- 005
1.44 +/- 0.07
1.20 +/- 0.06
0.66 +/- D.0O3
1.08 +/- 0.05
157 +/-0.08
182 +/-0.09
163 +/-0.08
092 +/-0.05
087 +/-0.04
1.00 +/- 0.05
0.76 +/- 0.04

0.90 +/- 0.05
0.97 +/- 0.05
1.40 +/- 0.07
1.38 +/- 0.07
1.50 +/- 0.07
1.07 +/- 0.05
117 +7-0.06
2.18 +/- 0.1 1
296 +/- 0.15
1.97 +/- 0.10
1.25 +/- 0.06
2.29 +/- 0.1
1.74 +/- 0.09
231 +/-012
1.83 +/- 0.09
086 +/-0.04
1.36 +/- 0.07

( units in micrograms/m*#*3 )

c
-2.12 +/-0.00
-294 +/-0.00
5.70 +/- 1.14
6.47 +/- 092

5.78 +/- 0.83
884 4+/-1.25
5.35 +/- 1.07
1.79+/-09
4.42 +/- 0.60

-3.85+/-0.00
4.48 +/- 0.63
409 +/- 0.40
514 +/-0.49
368 +/-0.74
6.68 +/- 0.63
6.65 +/- 1.27
5.69 +/- 082

-2.15 +/- 0.00

-3.21 +/-0.00
492 +/- 091
861 +/- 062
6.37 +/- 0.80

-2.64 +/-0.00
413 +/- 083
-357+/-0.00
-3.26 +/- 0.00
274 +/- 055
469 +/- 0.49
8.21 +/- 164
961 +/- 080
750 +/- 0.65
447 +/- 089
450 +/- 0.90
12.31 +/7- 0.41
12.21 +/- 0.81
8.41 +/- 150
497 +/-0.29
8.11 +/- 162
7.79 +/- 0.65
634 +/- 086
6.29 +/- 0.74
263 +/-053
-867 +/- 0.00
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N
0.46 +/-0.19
0.76 +/-0.22
1.30 +/- 0.26
1.53 +/- 0.27
1.48 +/-0.25
461 +/- 0.62
389 +/-054
2.19 +/7-034
2.74+/-040
290 +/- 0.41
331 +/7-0.46
282 +/-041
0.68 +/- 0.21
1.55 +/- 028
2.33 +7-0.34
0.67 +/- 019
117 +/-0.24
2.45 +/- 0.37
1.13+/-024
0.96 +/- 0.20
1.61 +/-0.27
4.16 +/- 0.57
4.25 +/- 0.58
5.20 +/- 0.70
207 +/- 031
1.99 +/- 0.31
2.34 +/-0.36
0.46 +/- 0.00
-0.41 +/- 0.00
198 +/- 0.30
317 +/-045
3.58 +/- 050
3.35 +/- 0.47
217 +/7- 034
331 +/7-0.45
35.22 +/- 0.45
1.27 +/- 095
7.66 +/- 099
4.96 +/- 0.67

3.94 +/- 05%

10.25 +/- 1.31
6.05 +/- 0.860
7.31 +/- 095
5.68 +/- 0.75
262 +/-0.37

-1.13 +/-0.00

0
524 +/- 050
5.58 +/- 053
6.40 +/- 0.60
6.68 +/- 0.63
6.18 +/7- 0.58
1156 +/- 1.06
1333 +/7-1.22
8.40 +/- 0.78
8.32 +/-0.77
0.53 «/-0.70
959 +/-0.88
848 +/- 0.78
5.39 +/- 0.51
6.03 +/- 057
7.06 +/- 0.65
262 +/7-0.27
3.96 +/7-0.39
1.33 +/-0.68
5.81 +/- 055
397 +/-0.38
6.44 +/- 0.60
8.65 +/- 0.80
1097 +/- 1.00
10.66 +/- 0.98
575 +/-054
475 +/- 0.45
4.88 +/- 0.47
252 +/-0.26
087 +/-0.14
484 +/- 0.46
6.55 +/- 0.61
7.69 +/- 0.
954 +/- 088
959 +/- 068
8.00+/- 074
1.54+/-0.70
1436 +/7- 1.31
1911 +/7-1.23
1224 +/- 112
9.00 +/- 0.83
1537 +/- 1.40
$1.33 +/-1.04
1567 +/- 1.43
1217 +/7-1.11
594 +/-055
3.01 +/-0.32



Description

02ZSEP 0600
02SEP 1000
02SEP 1400
025tP 1800
03SEP 0100

~ 03SEP 0600

03SEP 1000
O3SEP 1400
03SEP 1800
1 1NOY 0000
1 1NOY 0600
11NOY 1000
11N0Y 1400
11NOY 1800
12N0Y 0000
12NOY 0600
12NOY 1011
12N0Y 1400
12N0Y 1800
13NOY 0000
13NOY 0600
1IN0V 1000
13NOY 1400
13NOY 1800
03DEC 0000
O3DEC 0600
03DEC 1000
03DEC 1400
03DEC 1800
10DEC 0000
1 0DEC 0600
10DEC 1000
10DEC 1400
10DEC 1600
t {DEC 0000
11DEC 0600
11DEC 1000
11DEC 1400
11DEC 1800

Status

PP
PP

Long Beach - IMPROYE Filter Data

H
211 +/-0.11
3.55 +/-0.18
1.54 +/-0.08
090 +/- 0.04
1.26 +/- 0.06
1.81 +/-0.09
182 +/-0.09
1.58 +/- 0.08
095 +/- 005
1.51 +/-0.08
204 +/-0.10
204+/-010
1.48 +/- 0.07
1.84 +/- 0.09
2.06 +/- 0.10
467 +/-0.23
267 +/-0.13
334 +/-017
1.89 +/-0.09
338 +/-0.17
391 +/-020
1.78 +/- 0,09
1.43 +/-0.07
.11 +/-0.06
6.09 +/- 0.30
9.12 +/- 0.46
7.95 +/- 0.40
859 +/-043
559 +/-0.28
6.14 +/- 0.31
5.45 +/- 0.27
454 +/- 023
242 +/-0.12
212 +/-0.14
323 +/-0.16
3.47 +/- 017
315 +/-0.16

693 +/-0.35

( units in micrograms/m**3 )

c
16.81 +/- 3.36
29.48 +/- 369
-8.40 +/- 0.00

-8.47 +/-0.00

-9.28 +/- 0.00
-12.14+/-0.00
-4.69 +/- 0.00
14.08 +/- 0.58
13.04 +/- 2.61
20.26 +/- 0.98
10.64 +/- 1.51
15.06 +/- 281
1719 +/- 083
45.49 +/- 190
1957 +/- 382
16.02 +/- 3.20
6.76 +/- 0.65
1486 +/- 297
-8.94 +/-0.00
-9.02 +/- 0.00
-8.48 +/- 0.00
-5.55 +/- 0.00
45.26 +/- 409
50.008 +/- 6.37
39.38 +/- 496
3295 +/- 659
2787 +/- 403
50.72 +/- 2.26
38.92 +/- 1.80
25.47 +/- 352

26.20 +/- 1.67
26.78 + /- 0.86
25.30 +/- 3.41

19.65 +/- 3.77
4333 +/- 420
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N
-1.22 +/-0.00
6.22 «/- 085
192 +/-0.38
1.54 +/- 0.30
1.91 +/-0.36
158 +/-035
396 +/- 059
298 +/-0.49
1.61 +/-0.31
1.22 +/- 0.29
-1.50 +/- 0.00
428 +/- 0.60
224+/-040
290 +/- 0.44
484 +/- 067
483 +/-0.70
3.38 +/- 052
6.66 +/- 090
6.28 +/- 085
1406 +/- 1.80
20.39 +/- 259
-1.60 +/- 0.00
157+/-0.34
-0.99 +/- 0.00
17.02 +/7- 2.16
3237 +7-470
£3.02 +/- 6,65
4232 +/-5.32
23.86 +/- 3.01
16.65 +/- 2.12
16.70 +/7- 213
12.37+/7- 160
497 +/-0.70
1.64 +/- 0.32
503 +/-0.69
10,10 +/-1.32
6.33 +/- 086
2284 +/- 289
32.46 +/- 408

0
6.17 +/- 060
15.86 «/- 1.45
3.61 +/-0.38
424 +/- 0.42
3.04 +/- 0.39
6.96 +/- 0.67
6.36 +/- 0.61
2.20 +/- 0.27
4,28 +/- 0.42
2.65 +/- 0.2
2.26 +/- 0.25
8.63 +/- 0.80
2.25 +/-0.25
6.03 +/- 057
6.21 +/- 0.59
13.34+/- 123
8.40 +/- 0.78
1342 +/-1.23
7.41 +/-0.70
20.41 +/- 185
24.18 +/- 220
334 +/-0.33
231 +/-024
1.92 +/-0.21
28.71 +/- 2,60
97.27 +/- 5147
5360 +/- 484
64.68 +/- 5.83
35.73 +/- 3.23
31.27 +/7- 283
26.96 +/- 2.44
23.47 +/- 213
6.03 +/- 0.57
7.06 +/- 0.66
1285 +/- 1.18
12.96 +/-1.19
12.71 +/- 117
3367+/-305
4157 +/- 375



Long Beach - IMPROVE Filter Data

ID DESCRIPTION AL St S
1 190N 0100  35.4 +/- 103.9 +/- 4.4 722.3 #7- 38,2
219000 0500 -4.1 4/- 9.1 +/- 7.4 1438.4 4/-  76.8
I 100N 1000 72,5 4/- 209.8 /- 132.8 1823.7 /- 92,4
4 19JUN 1400 B2.0 #/- 235,95 #/- 15,3 1592.9 #/-  81.%
S 190UM 1800 92.6 4/- 177.5 /- 10,2 1303.4 /- 85.1
& MMM 0100  -7.8 ¥/- 159.7 /- 10.4 12916 #/- 164.3
7 200N 0490  136.5 ¥/- 0.4 47- 16,8 3648.0 1/- 18344
8 24JUN 1000  70.8 §/- 174.7 #/- 1.3 2682.0 #/- 135.4
920N 1400 BA,7 #/- 2340 /- 144 2262.3 4- 1148
10 240UM 1800  59.0 4/- 183.4 4/- 9.5 2000.5 /- 10,7
11 2SJUN 0100 41,5 #/- 158.3 #/- 10.t 2961.4 /- 148.9
12 2500 0800 -7.9 4/- 145.8 +/- 12,7 2002,7 4/- 14,1
13 250N 1000 49.7 ¥/- 159.7 +/- 9.9 1842.9 +/-  95.1
14 250K 1400 53.4 §/- 218.3 #/- 12,8 2142,1 /- 110,3
15 25JUN 1810 70.1 #/- 147.2 #/- 8.5 18824 ¢~ 83,7
18 13N 0100 17,3 4/ §7.3 #/- 5.0 gEe.t §/- 45,1
17 L3S 0500 44,4 §/- 140.1 ¢/- 9.1 13331 #/- 49,0
19 130 1000 131.5 #/- 10,9 272.2 /- 15.8 2201.4 #/- 111.0
19 1300 1400 40,2 +/- 15,0 34t #/- 19,2 1775.2 /- 37,7
20 13 1850 47,5 4/- 4.4 1390 #7- B 1432,¢ 4/- 2.8
21 [JUL 0100 79.8 4/- 8.5 1125 4/- 9.8 2600.8 4/- 111.9

—
Ao NTT N GNP D Y 9O .
- - .« a2 ® L, =
O DA O D D D Dt O DD e

22 [4L 0800 SB.B ¥/- B.O 1464 #/- 12,5 J444.2 1/- 17408
23 4L 1000 123.9 4/- 115 273.5 4/- 1442 3791.9 4/~ 190.4
24 140 1420 2344 4/~ 175 ANLS - 2244 J403.1 +/- 112
25 14U 182¢  132.8 #/- 9.9 1SLS H- 1122 1922.0 +/- 967
26 1500 0190 G- LY SIS - 42 1902,7 4/- %4
27 1S o800 573 4/~ 9 21,7 /- 8.9 2152.1 4/~ 108.%
28 1S 10600 St 4/- %, 106,86 +/- 9.3 1351.3 4/-  49.4
29 1S 1900 317 H- 0, -4.1 4/~ 0.0 1026.5 4/~ 68,8
Jo 150U fR00 28,2 /- 4, 98.8 /- 7.2 17412 4/- 27,6
3 7AUG 0100 445 /- S, §8.9 /- 6.5 1586.5 ¢/~ 79.9
32 17AU6 0400 47,3 4/~ 4, 1545 +/- 9.7 1761.¢ +/- 29,8
33 7MUG 1000 161.3 +/- (L. 04,7 t/- 16,9 2U78.1 ¥/~ 11041
J4 27AUG 1400 J4S.0 #/- 22, 74,8 4/- 28,4 NS +- 1178
35 740G 1800 120.8 ¥/~ 8. 195.3 #/-  11.¢ 1838.7 +/- 92.4
35 28AU6 0100 -84 4/- O, 16%9.1 +/- 10,0  1F°0.2 +/- 190.2

37 28AYG 0600 93.1 +/- 8, 240.9 /- 142 7.6 4/- 1851
38 28AUG 1000  151.2 4/~ 15, 437.4 +/- 264 5°39.5 4/- 98,2
39 28AUG 1400 187.2 #/- 14, 156.3 #/-  21.9 38491 4/ 19406
40 20AU6 1800  98.4 4/- B, 187.4 +/- 10,9 2340.& /- 117.7
41 29406 0190  &9.3 /- 7

42 9406 0600 95,2 4/- 21, 149,2 #/- 12,8 W677.4 /- 185.1
A3 29AU6 1000  655.3 t/- 1S, 5.1 #/- 17,9 5489.2 ¥/- 275.7
44 29406 1400  184.3 4/- 13, 29,3 #/- 17,0 42317 H/- 2.9
45 29AUG 1800 59.8 /- S 137.9 /- 8,2 2064.8 4/- 103.9
46 02SEF 0160  116.2 4/- 13,1 1.5 4#/- 159 21431 #/- 1100
47 Q2SEP 0500  165.5 +/- 25, LS 4/- 27,4 23011 4/- 1005
48 02SEF 1000  248.1 #/- 21,5 502.5 #/- 9.5  MM1B.£ +7- 1735
47 025EP 1400  320.5 ¢/- 27.5 518.7 #/-  31.4 2081.8 4/- 104.B

30 02SEF 1890  65.3 /-
51 0ISEP 0100  -14.3 t/-
52 QISEF 0402 75.7 §/-
53 OISEF 1200  40.3 4/-
54 OISEF 1400 58.0 #/-
53 QISEF 1900 1.8 /-

170.3 +/- 10,5 1810.% /- 81.%
132.7 4- 12,5 1.9 #/- 125,
|

L I

©

12
197.3 +/- 15,3 3570.7 4/- ¢
2203 4/-  15.4 34082 H/- 17

1
10

Y
w1
~4
4

]

— -
T . L - T
- = .

09,2 44~ 17,5 2582.7 4/-
99.2 +/- 7.4 2088.4 4/~

units in nanograms/m**3 )
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0 215,1 ¢/~ 13.4 3765.3 4/- 189.4
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(
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Long Beach - IMPROVE Filter Data

ID DESCRIPTION AL SI S

S6 11NOV 0000  218.8 #/- 15,86 4343 /- 244 §03.2 +/- 3.9
57 {INOV 0500  321.8 #/- 40,8  470.1 ¥/-  35.4 12,1 ¢/- 2.5
58 1INOV 1030  145.5 4/- 11,0 290.48 +/- 1441 885.9 /- 3.5
59 11NOV 1400 228.8 #/- 17,7 180.9 ¥/- 215 £99.9 /- 17,0
40 1INOV 1800 145.,0 4/- 13,9 214.2 4/- 143 700.7 ¥/~ 417
41 12M0V 0000  143.4 $/- 11,0 248,84 +/-  14.6 560.1 +/- 37,0
&2 12HOV 0500  A3S.4 4/- 33.3  588,0 4/- 3.3 1332.2 ¢/- 1048
43 1200V 1011 155.4 #/- 15.8 378 /- 237 1325.1 #/- 894
&4 12HOV 1400 204,7 4/- 20,9 29,7 #/- U5 2092.1 /- 108.0
&5 12HOV 1800  115.5 #/- 13.8  M1.9 #/-  14.5 1150.2 /- 59.4
&6 1300V 0000 B9.9 4/- 100 157.7 ¥/~ 127 M40 /- 1140
87 1IN0V 0500  49.3 #/- 14,0 155.7 #/- 154 1939.0 +/-  99.3
&8 1IN0V 1000 -12,0 4/- 0.0 170.1 4/- 14,3 1744,0 +/-  §°.4
49 1IN0V 1400 S1.1 ¥/- 9.4 171.5 ¥/~ 14,9 1450.5 +/-  74.%
70 1380V 1809 -15.8 #/- 0.0 99.4 +/-  10.7 1102.4 4/-  57.9
71 O3DEC 0000  147.8 4/- 15,7 143.1 #/- 1244 1856.2 /- 94.8
72 O3DEC 0400 297.9 ¢/~ 30,2 1E5.8 t/- 28.2 3007.2 #/- 19741
73 O3DEC 1000 280.4 #/- 25,5 418,64 ¥/-  26.% 23128.3 +/- 119.5
74 O3DEC 1400 232.1 4/- 25,3 347.2 4/- 254 35646,0 ¢/- 182.0
75 03DEC 1800  48.4 #/- 11,1 141.9 #/- 1341 2226.1 +/- 113.5
74 10DEC 0000 198.5 4/- 17,8 7§5.2 +/- 19.7 1474.8 /- 81.9
77 10DEC 0400 262.9 #/- 23,3  459.3 +/- 28.7 1418.3 +/- 4.8
78 10DEC 1000 349.4 3/- 30,9 529.6 4/- 344 1451.7 +/- 92,0
79 10DEC 1400 246.3 #/- 20,7 2937 /- 19.8 935.5 ¢/- 47.%
80 10DEC 1800 110.5 #/- 12,2 151.8 /- 1.8 542.3 +/- 3122
81 LIDEC 0000 104.1 ¢/- 10.0 132.8 /- 10.2 1110.1 #/- 38.4
82 LIDEC 0500 108.1 4/- 13.9 141.0 /- 12,7 1427.8 +/- 7441
83 LIDEC 1000 -18.3 4/- 0.0 214.B ¥/~ 17,7 1799.3 /- 943
B4 SIDEC 1400 146.7 /- 25,8 245,88 ¢/- 1B.8 2799.5 +/- 14,5
85 11DEC 1800 232,% +/- 25.4 210.% #/- I%.0 4808.5 +/- 243.8

( units in nanograms/m**3 )
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ID BESCRIPTION
1 1905 0100
2 19008 0600
3 19008 1000
4 190N 1400
S 19JUN 1800
& 240N 0100
7 24JUN 0400
8 240 1000
7 240K 1400

10 24 1800

11 252N 0100

12 250 0600
13 2508 1000

14 25AM 1400

15 250U 1810

16 1320 0100

17 130 0400

18 13 1000

19 1300 1400

20 13R1 1800

21 140 0100

22 1AM 0400

23 14JUL 1000

24 1400 1400

25 1AL 1800

26 15 0100

27 150 0400

28 1550 1000

29 15JUL 1400

30 150 1800

31 27816 0100

32 27006 0600

33 27AUG 1000

34 27806 1400

35 27AU5 1800

35 28AUG 0100

37 28AUG 04600

38 28MUG 1000

19 20AUG 1400

40 28406 1800

41 29MK 0100

42 29006 0600

43 29806 1000

44 29406 1400

45 29AU6 1800

46 025EP 0100

47 025€P 0600

48 02SEF 1000

47 025EF 1400

50 02SEP 1800

51 03SEP 0100

52 03SEF 0400

53 0ISEF 1009

54 O35EF 1400

55 O3SEF 1800

K
82.2 t/-
101.1 4/~
146.6 ¢/-
131.6 +/-
102.¢ +/-
739.8 ¥/-
91.6 ’/'
95.0 ¢/-
2.5 /-
71.0 #/-
6’03 */"
117.4 +/-
10.1 4/-
83.1 +/-
52.2 §/-
45.4 1/-
72,4 t/-
79.8 /-
84,4 ¥/-
41.8 +/-
15.8 /-
36,0 ¢/-
84.8 §/-
97,3 ¥/-
70,4 t/-
33,5 #/-
39.2 4/-
47.5 4/-
39.5 /-
19.9 4/-
48.2 1/-
103.6 ¥/-
123.,2 4/-
137.2 4/~
76-7 */'
74.8 4/-
148.2 4/-
132.2 /-
151.0 /-
90.8 +/-
121.4 /-
129.2 #/-
93-3 */'
80.58 +/-
86.6 §/-
7.9 t/-
249.0 4/-
4.4 4/-
96.0 +/-
101.9 4/-
7.4 -
101.1 4/-
118.4 +/-
107.2 /-
78.5 ¢/-

< n
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e = .
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Long Beach - IMPROVE Filter Data

cA

77.0 #/-
92.1 #/-
119.1 +/-
123.0 4/-
81.9 /-
84.2 ¥/-
79.7 #/-
88.2 #/-
141.3 ¢/-
80.2 4/-
.1 4/~
79 ¥/~
96'8 */'
48.8 #/-
6.2 4/~
32.2 /-
5700 ’/'
94.5 4/-
76.4 ti-
0.0 /-
40.9 +/-
49,4 4/-
91.5 t/-
98.4 4/-
19.8 4=
18.% t/-
M,2 4/~
42,9 1/-
45.4 4/-
19.7 +/-
4.4 4/-
84,0 4/-
87.4 4/-
128.6 +/-
8 1/-
50,7 t/-
7.5 ¥/~
118.¢ +/-
133.6 +/-
56,1 ¢/-
519 ¢/-
44.¢ /-
7.0 4/~
5905 t/-
48.1 ¢/~
117.1 4/~
183.1 ¢/-
190.9 +/-
149.0 4/-
81.7 /-
40.2 ¥/~
69.2 ¢/~
79.6 +/-
9.4 4/~
331 -

( units

5.1
1.9
8.1
9.0
3.5
8.8
6.0
6'3

~ Nt N o
Pl T -
-0 N D T e

bt
Rl R e L L - B BT R O S RPN
- - - - - - - - - - - -
P TP D py R oo Mt Tt D Y e O Gl R O

i - B B B R
an I EPIFERNY

bN

in nanograms/m**3 )

11
2.9 t/-
‘2-3 +/'
‘09 ’l'
71‘ *l‘
7.4 ¢/-
8-6 *,'
‘ls ’/'
4.2 *,'
10.0 #/-
6.4 4/~
5.8 #/-
'209 '/'
'3.0 {/‘
5-2 *l'
5.5 '/'
0.7 4/-
-2.8 +/-
1.5 +/-
20.8 4/~
17.9 4/-
-4.2 $/-
1.7 ¥/-
9.3 4/-
8.9 4/-
303 *!'
2.8 /-
2.9 /-
-1.0 4/-
=134 +/-
20.8 4/~
l.O */'
é-5 */'
14.7 §/-
17.4 ¢/-
11.8 +/-
L 4/-
8.6 1/-
2.6 1/-
14,0 4/-
&0 47
5-3 {/‘
-3.5 /-
&% /-
20.2 4/-
1.5 *,‘
8.1 /-
'1406 */‘
23,6 /-
18.7 ¢/~
1.0 t/-
-5.8 ¢/-
£.3 /-
8.2 ¢/-
9-8 */‘
38-5 */‘

1
1
t
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7.7 4
5.0 +'-
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20.1 4/-

4,0 4
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CR

-1.8 ¢/-
'2-] +/-
‘3-3 ’/'

2-‘ {!‘
-2.0 #/-
-2,3 ¢/-
'30. '/’
’3-2 *,’
1.4 1/-
‘109 4/-
=53 ¥~
’205 t/-
-2.4 /-
-2.4 t/-
-1.7 -
-1.8 +/-
'2n5 t/-
'20& */'
':.S ;/'

1,2 /-
-1,7 ¢/-
'307 {/‘
'2-9 /-
'2-8 t/-
1.7 ¢/-
‘!07 */'
‘503 ‘/'
'2-6 */'
-11.4 /-
-1.8 §/-
-1.7 ¢/~
=25 4-
-2.8 ¢/-
=2.7 Y-
-1.3 ¢/~
=20 ¥/-
=20 /-
‘3:‘ 'I'
-4.4 1/-
-1.7 /-
-2,8 t/-
=31 -
=3.2 /-
-1.4 ¥/-
-1.7 4/-

. '7-‘ ‘/‘

- 203 /'

-£.9 4/-
-7.3 ¥/-
-Lo 4/-
5.0 H-
'617 4r-
=48 /-
14.0 1/-
-3.4 V/-

POV OTDO
- - - - - - - - - - - - - - -
S0 O0O 0 O OO OV ODTODTO

g
O D

3.7
0.0



IN DESCRIPTION
56 1INOV 0000
57 11K0V 0500
58 11NOV 1030
59 11NDV 1400
60 11NOV 1800
81 12§0V 0000
62 1200V 0600
63 1200V 1011
&4 12NV 1400
43 12NV 1600
45 130V 0000
87 $3MOV 0400
68 1380V 1000
&9 1IN0V 1400
70 13MOV 1800
71 O3DEC 0000
72 03DEC 0400
73 03DEC 1000
74 03DEC 1400
75 03DEC 1800
76 10DEC 0000
77 10DEC 0400
78 10DEC 1000
79 10BEC 1400
80 10DEC 1800
81 DEC 0000
82 11DEC 0400
81 11DEC 1000
84 11DEC 1400
BS LIDEC 1800

K

169.1 /-
112.9 4/-
1B1.8 §/-

5106 */‘
91,0 /-
161,0 +/-
385.% +/-
10,9 /-
373,48 §/-
13,5 ¢/-
145.4 4/-

$3.0 +/-
84.4 4/-

§0.5 ¢/-
93,7 +/-
481.7 ¢/-
100.4 +/-
178.9 /-
208.5 4/-
347.5 /-
378.0 4/-
292.6 +/-
165.2 /-
101.7 4/-
364.4 4/-
271.8 ¥/-
144.8 +/-
109.7 +/-
128.0 /-
238.7 ¢/-

11.4
14.9

Long Beach - IMPROVE Filter Data

CA

216.4 /-
214,9 /-
158.,7 +/-
106.0 ¢/-
97,0 +/-
144,90 §/-
338.5 +/-
114.5 /-
80.1 #/-
80.7 4/-
78.0 4/-
39.7 ¥/-
48,7 1/-
§5.2 ¥/-
1.7 4/-
87.9 /-
135.3 +/-
137.4 +/-
89,5 +/-
39.0 $/-
128.4 1/-
22.8 t/-
218.5 +/-
98.1 /-
53.9 +/-
19.4 +/-
3.2 #/-
7‘»9 t/-
84.8 4/-
69.2 ¢/~

13.5
15.7
9.9
8.1
7.4
9.5
29.0
10.0

oty
-~

o 0~
— e, O

T1

38,7 /-
-10.1 ¢/-
18,4 4/-
21,5 ¢/-
17.5 ¥/-
12,1 /-
67.2 /-
8.0 ¥/-
'907 */'
4.8 /-
7.5 4/-
=75 ¥/-
7-2 */‘
4.2 t/-
27,1 4/~
28.5 "'
33-2 +/'
32,3 ¥/-
10»1 +/‘
2uB ’/'
42,4 §/-
21,2 +/-
171,0 #/-
22,5 /-
607 */'
13.1 /-
17.3 /-
14.8 #/-
14:7 *l'
18,9 ¢/-

4.3
o‘o

2.0

T e T w T g 0w

—
RN 2 N W™ PO WD e

- - - - - * - b - -
QWU N PPN YD GO DO

-

G o Uy M
PR - PR R

v

-5.3 4/-
-9.8 $/-
=3.1 /-
-84 §/-
1.7 4/-
"02 */‘
12,7 4/-
18,4 4/-
1016 '/'
13.8 #/-
14.4 ¥/-

5.8 4/-
12'2 */'
’700 {/‘
15,8 +/-
-6.3 ¥/-
12,6 /-
'908 */'
4.7 4/-
-6'6 */_
=7.4 ¥/-
-9.4 4/-
23.8 1/-
l?.l */‘
7.1 4/-
12,7 #/-
‘7|2 */'
25.5 4/-
15.1 #/-
=1.7 #-

( units in nanograms/m**3 )
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CR
-4.8 #/-
'309 ’/'
-‘aB $/-
-3.8 +/-
-4,2 /-
~3.8 t/-
-84 1/-
=7.9 ¥/~
'305 */‘
=31 /-
5.9 #/-
-8.8 V/-
-6.0 ¥/-
'6-3 */‘
’5.8 $/-
-5.8 /-
-7.8 #/-
-8.¢ #/-
’8!9 */'
-6.0 /-
'609 */’
'845 */‘
10.0 +/-
~1.% +/-
-5.7 ¥/-
-3.6 ¥/-
-8,5 +/-
-5.7 #/-
'506 ’/‘
’700 +/'



ID PESCRIPTION
1 190 0100
2 19000 0600
3 19.UN 1000
4 190U 1400
5 19JUN 1800
6 24004 0100
7 40W 0600
8 24M 1000
9 240N 1400

10 240M 1000

11 250N 0100

12 255UN 0400

13 25.0M 1000

14 2509 1400

13 250N 1819

18 130 0100

17 13000 0500

18 130 1000

19 130 1400

20 1300 1800

21 1AM 0100

22 140 0600

23 142 1000

24 1AL 1400

23 MR 1800

26 138 0100

27 1S 0600

28 1500 1900

29 1SJL 1400

30 1540 1800

31 27406 0100

32 27M6 0400

33 27406 1000

34 27006 1400

35 27AUG 1800

36 28AUG 0100

37 28M06 0400

38 28AUG 1000

39 28AUS 1400

40 28AUG 1800

41 29AU6 0100

42 29MUG 0400

43 298G 1000

44 29006 1400
45 29AUG 1800
46 02SEF 0100
47 025EP 0400
48 02SER 1000
49 02SEF 1400
50 025EF 1890
51 O3SEF 0100
52 QISEF 0400
53 03SEP 1000
54 03ISEF 1400
53 03ISEF 1800

HH
‘l" */'
-1.9 +/-
'300 $/-
4.0 $/-
Io9 */'
-2.1 ¥/-
'3-! */‘
'209 +/’
201 */'
-1.7 ¥/-
‘¢01 4/-
1.4 /-
1.0 +/'
1.1 /-
209 +/‘
i06 ‘/'
§.9 +/-
2.9 4/-
805 '/‘
-2.0 #/-
-3.3 ¥/-
'3-3 $/-
“206 */'
3.1 /-
=15 #/-
1.5 #/-
~2,3 -
2.2 ¥/-

'10.8 */'

-1.4 ¢/-
-1.5.4/-
8.7 ¥/-
2.7 1/-
=2.3 ¥/~
106 ‘/‘
2.4 4/-
‘03 */‘
3.1 4~
-4,2 ¥/~
-ll6 */'
1-2 */'
-2.8 §/-
-2,9 §/-
‘300 $/-
3.2 #/-
“6.7 ’/'
-11.4 $/-
13.4 4/-
-4.7 4/-
1.6 1/-
-4.6 +/-
-6 /-
-6.0 /-
-7.6 ¥-
-3.3 4/~

t.0
0.0
Ooo
0.0
0.7
0.0
0.0
0.0
1.2
0.0
0.¢
0.8
o.,
0.8
0.7
0.6
!I7
0.9
IIJ
0.0
0.0
0.0
0.0
1.4
0.0
0.6
0.0
1.0
0.0
00
0.0
1.3
1.0
o.o
0.5
0.7
1.3
0.0
0.0
0.¢
1.2
0.0
0.0
0.0
1.4
0.9
o.o
3.5
o'o
0.7
0'0
0.0
0.0
0.9
0.9

FE

.3 8/-
W3 /-
$8.2 4/-
e t/-
N3 §/-
Bt 1/
03 -
475 $/-
1oy /-
75 /-
425 #/-
818 +/-
A3 +/-
N3 /-
M3 #/-
D3 V-
B0 /-
1750 /-
A 1/-
LY /-
N2 /-
43.% ¥/-
1204 1/-
182.F /-
B Y-
22.% /-
‘2-’ f/'
N8 1-
24 t/-
5 +/-
4.7 /-
13845 ¢/-
1819 4/-
1553 ¢/-
884 /-
834 /-
1173 4/-
14401 /-
157.8 t/-
82 ¥/-
$0.% t/-
w34/
&72 /-
7354/~
Y4/
,'o. */'
208 1/-
377.X +/-
2081/
7'5»' +/'
S -
TR/~
¥0.1 t/-
“q, +/‘
B2 -

{ enits in nanograms/m**3 )
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2.9
8.1
15,3
7.1
12,0
4.1
1.8
4.8
5.8
5.3
2.3

Long Beach — IMPROVE Filter Data

cy
2 ¥
2.3 ¥/-
119 */'
2.8 4/-
106 */'
3.4
3.7

10,

[ */“
[] */‘
2!1 1/-
1'3 */‘
14 4/~
6-8 */'
4.8 +/'
1.3 4/~
12 /-
2.8 ¢/-
4.3 4/-
9.5 +'-
l!B t/-
ll‘ '/'
2.‘ */'
4.0 *f-
905 */'
109 */'
2.3 v/-
1.4 4/
8.0 /-
2:5 ¥/-
1.3 +/-

-8.6 #/-

2,2 t/-
1.0 +/‘

12,7 4/-

0.7 ¢/-
1.4 ¢/-
1,7 ¢/-
1.5 /-
3.0 /-
0.4 ¢/~
24 -
3-7 */'
4.5 ¢/-
1.2 H-
1.8 /-
107 *l'
1,9 ¢/-

18,4 /-
3!!2 t/-

8.9 4/-
3.7 +-
5'1 */'

11.% /-

5.4 4/-
S8 47-
4,7 +/-
3-5 +/‘

(-3

<>

(7]

"~

-
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- E: - -] 5: 5: DO OV OO OO O AD
- - - e e e e
Cod M LA O B~y A G g

~d

.
N L g e N Ry O

N

23.9 ¥/-
4.2 ¢/-

6.4 t/-

28.4 4/-
37.9 #/-
lalé */‘
26.5 */'
909 */'

16.8 ¢/-
1306 */‘
13.3 4/-
5.8 4/-
8,0 4/-

7.4 41
18,5 /-

2.4 {/-
304,2 /-
145.3 4/-

70,2 1/-
41,0 $/-
23,1 +/-
2046 4/-
2.2 ¥/-
95.8 +/-
35.7 §/-
3.9 +/-
7.0 /-
11!2 */‘
b4 4/~
4.3 ¢/-
2.0 4/-

2454 §/-

67,3 4/-

104.3 ¢/-

9507 ’/’
7-0 *l'
9408 */'
3.7 47+
.1 4/
31.0 4/-
2.7 /-
l].B *I'
!°|4 */‘
12,2 4/-
7.3 42-

183,2 4/-
430.3 +/-
26!.‘ */'

87.1 t/-
2,3 -
10.8 +/-
7,3 ¥/-
13.4 ¢/-
‘-3 *;‘
2.5 4!-
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1D DESCRIPTION

56 1IN0V 0000
57 110V 0400
38 11hOV 1030
57 1MoV 1400
60 11M0V 1800
&1 12N0V 0000
62 1210V 0400
43 1280V 1011
44 12HOV 1400
§5 1280V 1800
86 1INOV 2000
47 13NV 0600
48 13NV 1000
59 LINOV 1400
70 1380V 1800
71 O3DEC 0000
72 O3DEC 0400
73 03DEC 1000
74 O3DEC 1400
75 03DEC 1800
76 10DEC 0000
77 10DEC 0400
78 10DEC 1000
79 10PEC 1400
80 10DEC 1800
81 11DEC 0000
82 11DEC 0500
81 L1DEC 1090
84 11DEC 1400
85 11DEC 1809

M
25.7 ¥/-
18,3 /-
33|2 4/-
19" '/‘
47:2 $/-
1 #/-

119.8 +/-

‘702 *,‘
27,9 /-
5.5 ¢/~
<5.4 ¥/-
5.4 #/-
‘-7 */'
3.7 4/-
-5.2 ¥/-
36,5 ¢/~
44,3 1/-
29.0 ¢/-
10.2 4/-
18.1 #/-
64.9 +/-
62,3 /-
32,2 /-
12,4 #/-
313.% ¢/-
48,5 +/-
9.3 ¢/-
18.5 #/-
13,5 ¥/-
5700 */'

CBMWE =N S ™

v 4 e s * e v e

Ced AWM (d O NN ) D N O WUy o o
Cod e b O D e DN

- T e =

.
@l e WO g Ny MO WO O

—
O lad o N O By OB Ot
- * -

FE

367-9 {/‘ 190'
400,46 +/- 21,5
3,1 /- 17,4
3.5 /- 140
2747 /- 100
Jot.1 ¢/~ 1548
N2.3 /- 6.2
2.3 4/~ 7
70,8 /- 15,0
1‘3»7 +/' 7.8
147.7 ¢/- 8.9
L4 4/~ b8
77.3 4/- 3.0

74.5 #/- 4.9
50.7 ¢/- 3.8
299.2 +/- 154
516,3 /- 27,1
4919 ¢/- 254
292.2 4/-  15.8
200.0 ¥/~ 10.4
75,5 +/-  20.%
91,3 ¢/~ 25,9

35,7 /- 282
05,24~ 124
5.2 4- 18
187.7 +/-  10.1
0.7 4/ 116
182,46 +/-  10.1
239.0 4/~ 11.8
385.4 ¢/~ 18,8

( units in

N

‘204 +/-
'4'9 t/-
-1,3 ¢/-
'30' +/‘
2-2 */'
-1.9 H/-
'306 /-
'.-2 *“
6-7 */'

5.7 #/-
'209 '/'
-3,5 #/-
'3'3 {/‘
4.3 ¥/-
5.5 ¢/-
'207 +/‘
-4,3 ¥/~
12,0 ¢/-
-4.3 *:-
2-1 +/‘
-3l 4/-
"vl 4-
-4,8 4/-
'4.2 */“
'2-9 *l‘
-5'2 $/-
-3.4 H/-
-3.5 ¥/-
28 1/-
-3.2 +/-

Long Beach - IMPROVE Filter Data

il
7.% /-

9.5 #-

8.4 1/-

10,3 +/-

6.8 4/

7.1 /-

23,8 /-
9.8 4/
17.4 4/-
.0 4/

30,2 ¥/-
18,3 ¢/-
10.1 #/-
-3‘6 }l-
14,4 ¥/-
?OB */'
7.9 /-

Sol */'

208 */‘

nanograms/m**3 )

- 69 -

IN

163.6 ¢/-
219.8 +/-
128.9 #/-
133.8 ¢/-
150,31 /-
7.5 ¢/-
384.4 4/-
81.5 +/-
6702 /-
5%.8 4/-
97,5 ¢/-
2.1 #/-
18.1 +/-
15.7 #/-
7.4 4/-
179.1 /-
250.8 t/-
113.5 /-
190.1 +/-
67.3 *I'
02,0 4/-
391.0 /-
119.5 /-
158-1 *,'
78.1 H/-
50,9 ¢/-
39.8 #/-
38-3 t/-
109.5 #/-
255.4 #/-
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10 PESCRIPTION
1 19.UN 0t00
2 198 0400
3 I9JUN 1000
4 1908 1400
5 19JuN 1800
§ 240N 0100
7 24X 0400
8 2474 1000
9 200N 1400

10 2404 1809

11 25JUN ¢100

12 2500 0600

13 25N 1000

14 25JUN 1400

15 25JuM 1810

18 1300 0190

17 13 0500

18 130 1000

17 13AR 1400

20 1300 1800

21 140 ofoeo

2 1AL 0600

23 140 1000

24 1430 1400

25 14 1800

26 150 0100

27 15JUL 0409

28 1500 1000

29 15U 1400

30 150 1800

31 2746 0100

32 27AU6 9600

33 27806 1009

34 27006 1400

35 27406 1800

346 28AUG 0109

37 28AU6 0400

18 28AU6 1000

39 28806 1400

40 2BAUS 1800
41 29AUG 0100
42 2946 0500
13 29ALG 1000
44 29406 1400
45 29AUG 1800
44 G2SEF 0100
47 Q2SEP 0600
48 02SEF 1000
47 02SEF 1409
50 CZSEF 1800
St Q3ISEF 0109
52 03ISEF 0400
53 03ISEP 1000
54 QISEF 1400
35 03SEP 1809

#S

-0.8 1/-
-1,3 t/-
-1.4 4/~
-1.% -
-0.9 ¥/-

1.9 +/-
-1.4 /-
‘.‘ *,“
-1.5 #/-
'Oo? i/-
-0.9 +/-
2.7 /-
-1.3 #/-
'lvl {/'
'0«7 /-
'008 {/'
-1.1 #/-
"01 {/‘
-1-2 +/-
-0.9 /-
-1.4 4/-
-1.6 4/-
-1.1 -
-1.1 ¥/-

2.2 H/-
-0.% #/-
'103 */‘
-1.4 /-
'604 */‘
1-3 +,‘
-0.7 4/-
“1.1 #/-
-1, Y-
_lll +/-
'0-6 /-
-0.8 4/-
-1.2 -
"102 */'
-1.9 #/-
‘006 */'

1.7 4/-
‘102 1/-
1.1 /-
14 4/-
-0.7 #/-
’304 {l'
-5.46 t/-
-2.9 4/-
=3.2 4/-
-1.4 /-
-7 ¢/~
=10 ¢/~
-9 /-
'3-8 *I'
-1.7 ¢/-

Long Beach - IMPROVE Filter Data

FR SE
0.0 101.3 4/- A7 -0.8 ¢/-
0.0 11.3 /- 1.9 -1.3 t/-
0.0 2.9 4/- 2.4 -1.9 ¢/-
0.0 224 4/- 5.0 2.0 4/-
0.0 8.3 4/- a1 -0.9 /-
0.8 125 +/- 2.8 1.1 47-
0.0 39.7 ¢/~ &7 ~1.5 4/
1.2 1503 4/- 1.4 -1.5 t/-
0.0 2554/~ 2.2 -L.5¢4/-
0,0 7.0 4/- . 105 '0-8 '/’
0-0 24-& */‘ 2:4 -1.0 t/-
1.0 15,04/~ 32 -3 V-
0.0 17.:4/- 2.6 -lA Y-
0.0 28.8 4/- 4.3 0.5 /-
0.0 12.34- 21 -9.7 ¢/~
0.0 45,4 41~ 2.7 -0,9 /-
0.0 118.4 /- 5.7 -1 /-
0.0 S7.8 4/- Lé -1.1 4/-
.0 35.5 ¢/~ 3.1 -1.3 ¢/-
0.0 20.% #/- 2.1 -1.0 4/-
0.0 8.8 4/~ 21 -1.7 4/~
0.0 18,2 4/- 23 -1.6 4/-
0.0 R0~ 20 L2 4
0.0 M2~ 22T -1 /-
0.7 14.7 4/~ 1.9 -0.7 4=
0.0 6.7 1/- 1.7 -0.9 /-
0.0 8.4 /- 2.3 -1.3 4/-
0.0 ft.24/- 4.9 -1.5 /-
0.9 -19.5¢- 0.0 -2 -
0.8 7.7 ¥/- 1.4 -0.7 4/-
0.0 3.1 /- 2.1 0.7 +/-
0.0 129.0 4/- 4.4 -1 4/-
0.0 40.3 /- 3.0 -1.2 +/-
0.0 7.l 4- 2.7 -1 4/-
0.0 74~ 2.0 -0.6 +/-
0.0 18.2 4/~ 1.4 -0.8 /-
0.0 B2.¢ ¥/- 4.5 -1.2 §/-
0.0 2034 L0 -1.3 -
0.0 41.2 ¢/- 4.8 -2.0 ¢/-
0.0 2264/~ LS -0.7 /-
100 22-2 *f' 302 '101 */'
0.0 474 4- 35 -1.3 -
0-0 29.9 */' 2-‘ 'loz ’/'
0.0 225%- 30 -iAN-
0.0 W2~ 2.0 0.7 ¥/-
0.0 730 4/- 67 =35 /-
0.0 228.9¢/- 16,5 -5.8 ¥/-
0.0 188.% #/- 11.0 -1 ¥/-
0.0 S44¢4/- 8.0 -3 H-
9.0 2104 21 -1 8-
000 ‘8-2 $/- Ovo '2;8 *:'
0.0 IT.04/- 5.E -2 -
e.0 3.7 +/- £.4 -3.0 $/-
0.0 25.2 H/- 4.8 -4,¢ 4/-
0.0 12.9 +/- LS -1.8 ¢/-

( units in nanograms/m**3

- 70 -

DO Do D

»

e ® & @ ® ® o o 8 @ o « a3
DO OO0 DO MmO

DO OO ODODOOV OO D D OODDDOD S D

<

oo D
L= -

[~

1
S.4 +/-
2.2 4/-
6.9 +/-
10.4 ¥/-
3.8 +/-
618 f,‘
9.0 4/-
9-5 ’/'
11.5 t/-
8.0 4/-
8.2 +/-
9.5 4/-
9.3 t/-
9.2 4/-
501 */'
-1.0 /-

10.2 /-
10.8 4/~
g4 4/-
8.0 +/-
8.4 4/-
20,4 ¢/-
15.5 /-
9.2 #/-
18.2 ¢/-
18.% /-
4,1 /-
12,5 /-
7.2 4/-
904 *l'
3502 */'
35,4 ¥/-
14.0 /-
2-‘ */‘
'304 */'
8.4 1/-
14,2 t/-
H.0 /-
5.5 ’/'
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ID DESCRIPTION

58 1IN0V 2000
57 11h0v 0400
38 110V 1030
57 LIHOV 1400
40 1fhov 1800
&1 1200V 0009
82 1200V 0420
43 1280V 101t
84 T2H0V 1400
85 1280V 1800
86 13NV 0000
87 1300V 0600
£8 13NOV 1000
49 13n0V 1400
70 13NOV 1809
71 O3IDEC 0000
72 0IDEC 0400
73 0JDEC 1900
74 QIDEC 1400
75 O3DEC 1800
76 10LEC 0000
77 10DEC 0400
78 10DEC 1000
79 10DEC 1400
80 10DEC 1800
81 LIDEC 0000
B2 11DEC 0600
83 HDEC 1000
64 11DEC 1400
35 11DEC 1800

AS
‘sto +/'
-4.3 /-
'102 */'
-7 ¢/~
'lo‘ +/'
-1.4 ¥/-
“301 */'
=35 -
-4-2 ’/'
-3 /-
-2.4 ¥/-
-3.0 t/-
2.9 ¥/-
=2.9 4/~
_2.6 {/-
-2.3 #/-
‘3n6 $/-
-3.7 ¢/-
-3.7 /-
'th */‘
-2.7 §/-
-3.8 /-
-4.1 ¥/~
-3.7 /-
';-5 */'
-1.9 #/-
-‘.9 4/"
-3.0 H/-
-2.% ¥/-
-2.7 t/-

Long Beach - IMPROVE Filter Data

PB

211.9 /-
J38.5 /-
21,7 4/~
11,3 ¢/-
308.7 +/-
293.4 +/-
820.1 /-
134.8 +/-
272.1 V-

79.3 ¢/~
111.9 ¢/-

82,3 /-
38,6 +/-

45.4 +/-
22.5 §/-
372-7 *I'
517.5 /-
247.4 4/-
195.4 +/-
215.2 ¢/-
521,35 +/-
452,3 +/-
230.0 +/-

92.2 +/-
288.4 4/-
231, /-
2789 +/-
ll7l4 *l‘
147.% 4/~
3557 4/-

SE
204 200 *l'
20.0 -5 ¥-

13,0 -1.4 /-
2.8 -L7 V-
33:9 '303 */'
8.7 3.9 -
18,4 45 -
6-0 'sv‘ *,‘
9.0 -7 4
8.1 1.9 4/-
8.4 -1.0 4/
5.9 -3.0 ¥-
4.0 2.8 1/-
1602 '2-‘ *I_
24.4 22 -
13.2 -9 ¥/-
15»0 ‘3»? }/'
1.3 -2.8 t/-
2209 "08 {/'
.8 -1.7 #/-
15,6 -4.3 4/~
7.5 3.9 4/-
1‘.3 ’2-6 }/'
lln‘ ‘200 +/'
15.3 -3.1 t/-
8.1 ’301 $/-

e ® * e = e
O D L DO N OO DO

SO e D DM ra D DO QDO

DO
a3 D D

( units in nanograms/m**3 )
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BR

50.3 4/-
54-4 */'
33-2 */'
234 t/-
40'1 */‘
574 /-
9700 4/~
32!2 */'
107.0 4/~
12.4 ¥/-
57.% 4/-
4.2 §/-
13.7 4/-
'3:7 *"
8.8 4/-
144.2 ¢/-
218.% ¢/-
38.0 ¥/~
48,9 +/-
73.1 #/-
19,1 ¢/~
146.3 t/-
4]-8 */'
18.7 ¢/-
131.4 /-
111.9 ¢/-
110.7 4/-
15.6 /-
35.8 4/-
136.0 /-
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Claremont - IMPROVE Filter Dats

Site: Claremont
Project: SCAQS 1987, Summer
Organization: U.C. Davis
Sampler: IMPROYE Cyclone - Teflon Filters
Particulete Size: < 2.5um
Analysis: Gravimelric Mass, Optical Absorption, FAST, PIXE
Units: micrograms per cubic meter for Mass and FAST: Hto 0
: 10%%(-6) meters for Optical Abser plion
: hanogrems per cubic meter for PIXE : Ne to Br
# of Samples : 55
Column Header: 1D = Identification * of sample for each row
: Descriplion : Start Day, Month, Time(military time, PDT)
: Status = CG - clogged filter, uncertain volume

the MDL is given(marked by a negative sign)

= PP - Sample duration is >» SCAQS schedule

= 0¥ - overlap of volume between 2 filters, uncertain volume

= PX - unacceptable PIXE Analysis

= ¥X - did not sample

: ET = Sample Durstions(decimel hours)

: Ma = Gravimetric Mass - ug/m*#3

: OA = Opticel Absorption - 10¥#{-6) meters

: Elemental Concentrations (eg. Fe=iron) and uncertainties.
If element is below minimum detecteble limits(MDL),

)] Description Status ET( hrs. ) Ma 0A
1 19JUNO100 500 3423 +/-162 33.60 +/-0.99
2 19JUN 0600 350 4883 +/-233 5755 +/-1.70
2 19JUNI1DID 3.85 32.75 +/-1.93 38.85 +/-1.29
4  19JUN 1400 370 3659 +/-2.13% 40.45 +/-1.34
5 19JUN 1800 200 33.17+/-1.34 3090 +/-0.79
6 24JUND100 500 4595+/-1.87 30.10 +/-0.78
7  24JUN 0600 353 107.29 +/-3.71 77.08 +/-1.46
8 24JUN1000 (G 400 7540 +/-2.89 7364 +/-1.75
9 24JUN1400 C6 350 9280 +/-355 98.36 +/-2.34
10 24JUN 1800 7200 4076 +/-154 36.51 +/-085
11 25JUNO100 500 47.09 +/-1.90 37.50 +/-0.95
12 25JUN 0600 350 B657+/-326 12198 +/-283
13 25JuN10tt 382 B3.21 +/-3.21 9262 +/-2.23
14 25JUN1400 CG 3.51 53.68 +/-250 58.58 +/-1.70
15 25JUN 1800 7.01 3832 +/-1.46 37.29 +/-0.88
16 (13JuL 0100 500 21.16+7-1.42 25.21 +/-0.89
17  13JUL 0600 350 4521 +/-233 71.79 +/-2.24
18 13JUL1000 CG 400 3345+/-198 46.39 +/-155
19 13JuL 1400 6 350 5072+7-2.47 .56.76 +/7-1.1
20 13JUL 1800 7.00 18.14 +/-106 24.13 +/-0.80

( units in micrograms/m**3 )
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Description Status

14JUL 0100
14JUL 0600
14JUL 1000
T4JUL 1400
14JUL 1800
15JuUL 0100
15JUL 0600
1SJuL 1000
15JUL 1400
15JUL 1800
27AUG 0100
27AUG 0600
27AUG 1003
27AUG 1400
27AUG 1810
28AUG 0100
28AUG 0600
20AU6 1010
28AUG 1400
28AUG 1820
29AU6 0100
29AtIG 0600
29AUG 1003
29AUG 1400
29AU6 1800
023EP 0100
0ZSEP 0600
DZSEP 1110
02StP 1400
02SEP 1830
03SEP 0100
03SEP 0600
03SEP 1000
03SEP 1400
03SEP 1805

88

88

88

ET( hrs. 3} Ma

5.00 19.37 +/-1.40

350 36.72 +/-2.14
400 4261 +/-2.08
350 71.37 +/-2.96

700 3138 +/-132
500 3971 +/-1.75

350 52724+/-2.43

400 4166 +/-2.16

350 4566 +/-2.29

7.00 30.98 +/-1.31

500 3754+/-167

350 60.80+/-248

395 6286 +/-2N

348 55.11+/-249

6.85 31.46+/-135

S.00 3951 +/-1.377

347 5658 +/-2.60

385 2256 +/-196
349 72.75 +/-307
6.67 37.75+/-1.42
5.00 5195 +/-197
349 6468 +/-255
396 B81.20 +/-3.04
3.48 7403 +/-291

700 47.05+/-1.64
5.00 10.90 +/-1.21

3.29 29.30 +/-1.99
2.83 18.36 +/-2.15
350 3101 +/-191

653 2639 +/-1.21

5.05 29.75 +/-1.48
348 48.78 +/-2.24
4.01 4407 +/-1.99
349 3168 +/-195
6.93 2289 +/-%.10

Claremont - |MPROYE Filter Dats

OA ( 10**6 inverse meters )

2492 +/-090
47.86 +/-1.59
57.24 +/-1.72
84.80 +/-2.23
28.67 +/-0.76

- 36.78 +/-0.75

36.94 +/-1.07
4823 +/-151
56.23 +/-1.72
31.06 +/-0.84
30.78 +/-0.87
79.21 +/-2.06
75.07 +/-2.05
57.88 +/-1.65
38.04 +/-1.04
40.25 +/-1.14
82.46 +/-2.40
47.37 +/-184
576t +/-155
38.18 +/-0.88
51.36 +/-1.21
£3.03 +/-156
68.8% +/-158
67.2% +/-166
46.46 +/-090
19.49 +/-132
62.50 +/-3.31
32.48 +/-2.26
4453 +/-2.29
4520 +/-2.00
49.05 +/-2.25
103.22 +/-452
85.19 +/-3.69
5005 +/-257
245t +/-1.13

( units in micrograms/m**3 )
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Description Status

19JUN 0100
1JUN 0600
19JUN 1010
19JUN 1400
19JUN 1800
24JUN 0100
24JUN 0600
24JUN 1000
24JUN 1400
24JUN 1000
25JUN 0100
25JUN 0600
25JUN 1011
25JUN 1400
25JUN 1800
13JuL 0100
13JUL 0600
13JUL 1000
13JUL 1400
13JuUL 1800
14JUL 0100
14JUL 0600
14JUL 1000
14JUL 1400
14JUL 1800
15JUL 0100
15JUL 0600
15JUL 1000
1SJUL 1400
15JUL 1800
27AUG 0100
27AUG 0600
27AUG 1003
27AUG 1400
27AUG 1810
28AUG 0100
26AUG 0600
28AUG 1010
28AUG 1400
28AUG 1820
29AUG 0100
294U6 0600
29AUG 1003
29AUG 1400
29AUG 1800
02SEP G100

88

88

88

88

88

Claremont - IMPROVE Filter Dats

H
.23 +/7-0.06
.63 +/- 0.08
.49 +/- 0.07
1.61 +/-0.08
112 +/- 0.06
1.93 +/-0.10
266 +/-0.13%
3544+/-0.18
466 +/- 0.23
§1.83 +/- 0.09
212 +/-0.11
355 +/-0.18
408 +/- 0.20
250 +/-0.12
1.73 +/- 0.09
1.05 +/- 005
1.79 +/- 0.09
1.76 +/- 0.09
2.73 +/-0.14
0.85 +/- 0.04
0.92 +/- 0.05
1.42 +/- 0.07
2.25 +/-0.11
3.78 +/-0.19
t.43 +/- 007
186 +/- 0.09
254 +/-0.13
223 +7-0.11
249 +/-0.12
155 +/- 008
$.85 +/- 0.09
2.46 +/-0.12
285 +/-0.14
3.04 +/- Q.15
1.44 +/- 0.07
1.92 +/-0.10
211 +/7-0.1%
240 +/-0.42
413 +/-0.21
1.68 +/- 0.08
255 +/-0.13
320 +/-0.16
400 +/- 0.20
4.25 +/-0.21
238 +/-0.12
1.04 +/- 0.11

1
1
1

¢
8.25 +/- 1.18
13.19 +/- 2.41
9.40 +/-0.19
11.40 +/- 1.34
157 +/- 098
6.18 +/- 1.24
438 +/- 0.88
19.67 +/- 393
30.15 +/- 6.03
8.71 +/-1.74
7.49 +/- 1.50
19.88 +/- 3.98
24.43 +/- 2.32
16.51 +/- 3.30
8.19 +/- 1.64
6.70 +/- 1.34
1468 +/- 2.72
13.37 +/-1.59
18.41 +/- 2.28
552 +/-1.10
4.38 +/- 0.80
8.34 +/- 1.67
13.30 +/- 1.90
22.20 +/- 2.36
6.05 +/- 1.21
6.34 +/- 1.27
7.01 +/- 1.40
10.69 +/-1.73
17681 +/- 234
912 +/- 0.89
10.48 +/- 2.10
18.35 +/~ 3.40
20.69 +/- 2.00
24.32 +/- 3.63
1067 +/- 1.22
13.36 +/- 2.67
14.22 +/- 2.864

32.98 +/- 3.60
13.23 +/- 2.65
18.38 +/- 1.81
14.68 +/- 1,062
22.68 +/- 454
20.59 +/- 4.12
1157 +/-2.31
-6.29 +/- 0.00

( units in micrograms/m**3 )

- 74 -

N
207 +/-0.31
2.82 +/- 0.4t
1.54 +/- 0.26
2.06 +/- 0.32
2.39 +/-0.34
6.68 +/- 0.87
8.48 +/-1.09
5.00+/-0.67
5.69 +/- 0.75
S.98 +/-0.77
8.25 +/- 1.06
1394 +/- .77
7.08 +/- 093
313 +/-0.45
406 +/- 0.56
1.47 +/-0.26
2.47 +/- 0.37
2.33+/-0.36
277 +7/-0.41
1.17 +/-0.22
093 +/-0.20
1.76 +/-0.29
374 +/- 0.5t
8.73 +/7-0.76
3.39+/-0.46
5.51 +/-0.72
6.80+/-0.89
421 +/-057
437 +/- 059
414 +/- 055
5.33+/-0.70
8.144+/-105
473 +/- 0.64
250 +/-0.39
1.83 +/-0.28
355 +/-0.49
231 +/-0.35
2.26 +/-0.35
4.67 +/- 0.63
201 +/-0.30
299 +/- 0.42
2.73 +/- 040
296 +/- 043
6.70 +/- 088
214 +/- 0.31
0.92 +/-0.26

o

9.15 +/- 0.84
12.71 +/- 116
10.36 +/- 0.95
11.23 +/- 1.03

0.71 +/- 080
1417 +7- 1.29
2058 +/- 187
24.18 +/- 2.19
31.24 +/- 2.82
1403 «/-1.26
17.26 +/- 157
26.20 +/- 2.37
28.04 +/- 254
15.70 +/- 1.43
1235 +/-1.13

5.98 +/- 0.56
10.31 +/-0.95

9.97 +/- 092
16.23 +/- 1.48

488 +/- 0.497

487 +/- 0.47

8.48 +/-0.79
1454 +/- 1.32
2405 +/-2.18
10.14 +/- 0.93
13.22 + /- 1.21
19.96 +/- 1.81
13.80 +/- 1.26
15.70 +/- 1.43
10.64 +/- 097
1295 +/- 1.18
16.54 +/- 151
20.36 +/- 1.85
10.36 +/- 1.67
10.41 +/- 0.95
13.63 +/- 1.24
12.26 +/- 1.12
13.99 +/- 1.28
25.714 +/- 2.33
11.29 +/- 1.03
15.62 +/- 1.42
22.09 +/- 2.07
28.82 +/- 2.61
28.61 +/- 259
17243 +/7- 155

3.37+/-036



iD
47

49
20
51
52
53

S5

Description Status
02SEP 0600
023EP 1110
02SEP 1400
D25EP 1830
03SEP 0100
03SEP 0600
03SEP 1000
03SEP 1400
G3SEP 1805

Claremont - IMPROVE Filter Data

H
1.48 +/-0.12
1.70 +/- 0.08
192 +/-0.10
1.77 +/-0.09
.61 +/- 0.00
258 +/-0.13
2.60+/-0.13
2.10+/-0.10
1.14+/- 006

c

1250 +/- 250
15.71 +/- 3.14
-9.01 +/- 0.00
10.08 +/- 2.02
-6.70 +/- 0.00
19.57 +/- 3.91
20.66 +/- 4.13
-9.70 +/- 0.00

6.23 +/-1.25

N
2.12 +/- 0.39
-1.46 +/- 0.00
-1.16 +/- 0.00
1.37 +/-0.28
-0.87 +/- 0.00
274 +/-0.45
1.53 +/- 0.31
261 +/-044
1.98 +/- 0.35

( units in micrograms/m*#*3 )

- 75 -

¢
10.62 +/- 0.99
6.97 +/- 0.68
8.23 +/-0.78
7953 +/-0.75
781 +/-0.74
13.14 +/- 122
1294 +/7-1.20
12.27 +/-1.14
6.62 +/- 0.64



1 198 0100
2 19906 0500

3 19Jm 1010
41998 1400
S 198 1800
5 2450 0100
7 2 0500
8 24 1000
9 245094 1400
10 248% 1800
11 25m 0100
12 2550 D600
13 258w 1011
125w 1400
15 250 1800
16 13 ©100
17 13 %3500
1e 13 1000
19 133 1400
20 e 4820
21 1A D100
22 14| 04600
22 140 1000
24 140 1400
25 14 51800
28 15 9100
27 15 0600
28 15J% €000
29 ISR 4400
3¢ ISHE 1800
31 27806 2100
32 27T N800
33 2758 11003
34 27085 12400
35 2748 1810
36 280G ©100
37 20MK6 %2400
38 26A 11010
39 20088 X400
40 20015 2820
41 290 2100
42 29M% @400
41 29A% B03
44 294 1400
A5 290 1850
45 02SE; 00
47 02SEP @500
16 02SEF R110
49.0258 £400
3¢ 02SEF HR30
51 03SEF @100
52 Q3<Hr @A
33 03t mo0e
54 CISEF EROO
99 0I5 #2059

ID DESCRUPTION AL

75.0 +/-
497.0 4/-
1H2.6 ¢/-
113.4 4/-

§9.2 4/-
48.4 ¥/-
1319.8 ¢/-
48,2 t/-
354.0 ¥/-
105.7 +/-

72,0 ¥/-
M7 ¥/-
356.9 +/-
229.7 ¥/~
100.0 ¢/-
90.2 4/-
265;‘ *1'
150.1 $/-
173.5 &/-
80.1 ¥/-

S4.7 /-
150.8 +/-
187.6 ¢/-
273.9 4/-

66'0 /-

2,2 /-

8‘202 $/-
119.4 #/-
137.7 +/-
1.8 4/-

4.8 +/-
3864 /-
410.9 4/~
232.7 /-
110.0 +/-
143.9 /-
45,3 ¢/-
30015 4/'
356,40 ¢/-
102.3 #/-
15507 t/-
112.7 41~
54,9 +/-
239.7 V-
229.% +/-
277,31 /-
226.8 ¢/-
45,3 +/-
M1.9 /-
1€3.9 /-

1110.7 4/-
2°6c5 ‘}/“
242,59 /-
139.5 #/-

it -

Claremont - IMPROVE Filter Data
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27,2
234
4.1
.6
13.7
4.2
19.8
2.2
13.9
10.2

SI

165.7 ¢/-
7155 4/-
282.7 /-
283.2 ¥/-
148.2 {/-
187.6 4/-
234.7 ¢/-
499.5 1/-
692-8 "’/'
210.0 +/-
172.8 ¢/-
11546.4 §/-
885.4 ¢/-
NS -
194.9 4/-
198.4 +/-
457.8 +/-
101.9 t/-
325.1 ¥/-
130.5 /-
148.4 ¢/~
326.8 ¥/-
37¢.7 4/-
512.% /-
134#0 *n"
180, 4 /-
200.1 4/-
347.8 4/-
293.9 ¢/-
159.4 4/-
8.3 ¢/-
1101.3 4/-
B54.2 /-
479.6 /-
261.8 /-
287.1 ¢/-
773.0 ¢/-
514,11 $/-
6‘401 ’/'
Hé.1 1/-
2898.8 /-
218.9 ¢/-
3.2 /-
548.0 1/-
3445 ¥/-
71.3 t/-
5.9 +/-
932.8 +/-
507.8 ¢/-
287.1 4/-
1652,2 /-
181.2 ¢/-
455.7 4/-
347.2 ¥/-
199.9 ¢/~

10.0
7.9
15.4
15,
9.4
11.3
16,4
315
39.8
121
10.8
81.6
3.5
1.5
12,4
1.0
5.2
16,8
19.2
807
8.6
17.9
21,0
31.5
10,7
10,0
15.4
20.3
17.1
9.6
13.0
57.8
15.2
2.8
1.3
18,9
.
29.8
36'7
12.5
17.5
14.0
1
2.3
20,4
2.7
2.0
52.9
3.2
17,1
95.3
28,0
28,9
21.3

11 2

R ¥4

S

1193.2 ¢/-
1349.7 +/-
14495 4/-
1752,0 /-
1231.5 4/-
1789.3 ¢/-
2176.6 1/-
4441.7 +/-
3848.0 +/-
1867.1 4/-
2058.0 4/~
2430.0 t/-
31266 /-
2845.4 §/-
1844.5 /-
1025.5 4/-
1481.4 4/-
1874.7 4/-
2502.2 +/-
1028.4 4/-
1103.8 ¢/-
!7‘904 */'
75,0 #/-
4931.5 +/-
1785.6 /-
2242.2 ¥/~
3017.7 /-
3403.2 ¥/-
3140.3 t/-
1739.7 +/-
1348.3 ¢/~
168%.9 +/-
2197.2 4/-
2450.8 1/-
1770,3 +/-
1754.4 ¢/~
1674.2 4/-
2241.0 /-
3828.0 /-
1808.0 +/-
1881.1 /-
2175.% 4/-
4452.8 +/-
6373.8 ¥/-
2677.6 ¥/~
1611.0 ¢/-
2300.3 +/-
2259.3 4/-
2225.8 +/-
581.3 4/-

494.2 #/-
483,68 4/-
11974 ¥/-
23%.7 4/-
1825.8 +/-

( units in nanograms/m¥*+*3

- 76 -



I8 DESCREFYION
1 19JUN 0100
2 19.0UH 0400
3 19JUN 1010
4 1SN 1400
5 190N 1800
& 24.4UN 0100
7 24N 0400
8 24UN 1000
? 240N 1400

10 24.JUM 1809

11 25JUN 0100

12 25JUN 0400

13 25000 1011

14 251N 1400

15 25U 1800

16 130L 0100

17 1300 0590

18 13JUL 1000

19 1300 1400

20 133U 1800

21 140 0100

22 1431 0600

23 HJuL 1000

24 14000 1400

25 1AL 1800

26 1SL 0100

27 IS 0600

28 1540 1000

29 15 1400

30 15J0L 1800

11 27406 0100

32 27816 0600

33 27AUG 1003

34 27006 1400

35 27AUG 1810

34 28AY6 0190

37 28AU5 0500

38 JBAUG 1010

39 284U6 1400

40 20AUG 18720

41 294U6 0100

42 29806 0600

43 29AUG 1003

44 29AUG 1400

45 29AUG 1800

46 02SEP 0100

47 02SEP 0620

48 028EF 1110

43 02SEF 1400

50 02SEP 1830

§1 035EF 0100

52 QISEF 0400

51 03SEF 1000

34 QISEF 1400

53 03SEF 18035

K
109,31 +/-
194.7 +/-
122.1 #/-
130.9 4/-
102.6 +/-
6501 ‘/'
1.5 +/-
189.9 /-
205.48 ¢/-
7.0 t/-
64.2 t/-
241-9 4/'
2243 §/-
132.2 #/-
&8.0 1/-
46,8 1/~
168.5 #/-
114,2 ¥/-
88.6 t/-
79.4 -
26,3 t/-
83.1 ¢/~
9?v2 +/'
127,86 +/-
52.3 /-
49.3 ¥/-
131.8 4/-
93.0 +/-
81.0 4/-
2.9 ¢/-
72.3 /-
253.0 +/-
248,0 t/-
158.5 ¥/-
.3 ¥-
113.2 ¥/-
23¢.0 t/-
200.1 #/-
169.3 /-
90.4 $/-
144.0 #/-
11,5 /-
160.7 ¥/-
135.8 4/-
74.7 4/~
172.7 /-
132.0 ¢/-
248.4 1/-
227,31 ¢/~
191.2 ¥/-
300.3 +/-
132.4 +/-
108.1 #/-
109.7 4/-
833 ¢/-
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Claremont - IMPROVE Filter

Ch

90.7 t/-
192.4 §/-
107.1 /-
114,4 ¢/-
78.5 ¢/-
0.1 4~
102.7 4/-
175.3 4/-
225.1 H/-
8%.8 /-
72,8 {/-
120.4 §/-
225.4 ¥/~
152.6 t/-
£4.9 /-
133.2 #/-
323 8-
100.5 +/-
§6.2 /-
33.8 4/~
70.5 4/-
04,2 ¥/~
9.4 $/-
150.4 ¢/-
48.1 +/-
52,4 /-
200 */‘
?lt? *I'
77 ¢
4201 */'
32,4 /-
298.5 ¢/-
291.4 ¢/-
153.9 ¢/-
125.3 #/-
151,9 4/-
274.8 ¢/-
185.4 ¢/-
209.% ¢/-
8%.4 ¥/-
202.4 ¢/-
137.9 4/-
152,3 4/-
106.4 ¥/-
6909 */'
167,3 4/-
164,8 +/-
348,48 ¢/-
!66-5 +/'
161.8 ¢/-
400.2 4/-
.4 4-
150»7 */'
15,1 4/~
3.5 /-

( units

11

19,1 28.3 /-
1.0 253 /-

9.7 14.7 1/-
.9 7.2 ¢/-
7. 2,3 4/-
17.4 5.9 +/-
L9 8.7 /-
£.5 1.1 ¢/-
.7 1.4 ¥/-
4.4 3.7 4/-
4.4 B.1 /-
6.5 ]‘14 */'
10,0 20.1 ¢/-
302 ‘-l +/-
1.8 3.1 -
1.7 8.4 +/-
6!3 6.3 4,‘
3.3 7.9 ¥/-
3.0 9.6 +/-
5»5 8-2 */'
12,3 27.% /-
17.4 25,5 ¥/-
10,2 3’-‘ +/'
7.8 8.3 +/-
%1 134 /-
16,7 4.1 4/-
1.8 20,3 {/-
13!1 3344 */'
3.2 7.2 /-
12,0 8.0 ¢/-
8.7 7.0 ¥/-
0.3 140 H/-
8.1 14,3 ¢/-
4-9 llcO_*l‘
12,5 14,2 #/-
13.7 10,5 /-
23,0 19.3 /-
1300 2‘02 *"
9.9 1.4 /-
3.6 55.8 /-
19.8 15.1 ¢/-
10.5 8.4 4/
9.5 -8.0 /-
7.2 -4,7 /-

in nanograms/m**3 )

- 77 -

Data

v
~1,7 ¥/~
-2.8 /-
-2.3 ¥/-
'2.‘ '/’
-1.4 '/'
-2:6 t/-

4.9 '/_
-4.7 4/~
'6-6 ’/‘

3.3 H-

3.6 H/-
’5-6 {/‘
“07 */'
'3!8 */'
-2.0 +/-
-2-0 *I'
-3.4 4/-
~2.8 ¥/-
-1.3 4/-
-1.4 ¢/-

2-2 */'
-3.2 ¥/-
-3.1 -
-4.4 4/-
-1.7 ¢/~
-2.4 /-
’3-3 */'
-1.2 */'
'209 *:'
-1.7 $/-

2.8 +/-

3.1 /-
-4.4 /-
-4,5 H/-
'213 */‘

19 -

4.8 /-
-4,1 4/-
-4.9 /-
'200 */'

3-5 '/‘
=J.9 #/-
-4,7 t/-
4.9 ¥/-

207 ’/'
15.2 ¥/~
l’o’ */‘
13.5 /-
'90‘ *"
—307 */“

8.9 #/-
8.7 4/-

74

7.3 t/-
4.5 t/-

-

- -

-
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CR
‘106 */‘
’2-5 */'
'2:1 'l'
'202 *l'
'lt‘ !/’
-2.1 4/-
-3.9 /-
-4.3 /-
‘6-0 */'
'1|9 $/-
-2.4 *!‘
-5.1 /-
-4.3 ¢/-
-3.5 /-
-1.8 #/-
_1.8 4,_
-3.2 t/-
-2.4 4/-
-3.0 t/-
-1.3 /-
-1.8 ¢/-
-2.9 /-
'2-3 */‘
-4.2 /-
'116 */'
‘202 *l'
-3.0 /-
-2.9 ¢/-
2.7 ¥/-
-1-5 $/-
'203 */'
-3.8 +/-
'4|° *l'
-4,1 ¥/-
'201 ’,'
'2»7 *l'
-4, ¢/-
-3.7 ¥/-
-4,4 +/-
~1.8 #/-
'218 */'
'305 $/-
-4-3 *I'
-4.4 ¢/-
-2.1 ¥/-
-7.3 #/-
-9.9 /-
11.1 /-
-8.4 /-

1.5 *,‘
'505 */'
-89 4/~
'602 */'
-7.1 ¥/-
-4,1 #/-

0.9
0.0
0.0
0.0
0-0
0.0
0.0
0.0
0.0

0.0



Claremont - IMPROVE Filter Data

I PESCRIPTION Hi e Nl (al] m
1 19JUN 0100  -1.4 4/- 0.0 1093 %#/- 5.4 -0.7 /- 0.0 2.7 ¥/- 03 58.6 ¢/-
2 190UN 0400 13.4 /- 1.4 4304 ¥/- 2.8 -1.2 4/- 0.0 3.7 ¥/- 0.5 108.3 +/-
3 190K 1010 -1.9 ¢/~ 0.0 143.2 #/- 7.4 -1.0 ¢/- 0.0 40 t/- 0.4 8.6 t/-
4 19JUN 1400 1.3 4/- 0.9 153.¢ ¥/- 7.§ -t 4/ 0.0 1.7 4/- 0.4 35.0 4/-
S 19JUN 1800 I #0957~ A9 -0.7 /- 0.0 A4 4/~ 0.4 263 4/-
& 24.0W 0100 2.04- 0.8 8371~ A5 0.84/- 03 1.9 ¢/- 0.5 5%7 /-
7 240 0600 3.4 4/- 1.5 200.0 #/-  10.4 2,0 #/- 0.7 8.34/- 0.9 137.5 4
B 240N 1000 -394/~ 0,0 28374/~ 132 =20 ¥/- 0.0 9.2 4/- 0.9 145.2 t/-
9 2404 1400 4,0 1/~ 3.0 30 4/- 12,9 .84/~ 0.0 .84/~ LI 149.0 ¥/-

10 240N 1800 Lot/ 0B 1223 4- &AM 1.2 4- 0.3 2.34- 0.4 A3 1/-
11 25JU8 0100 3.8 4~ 09 . H- 50 0.8 ¢/- 0.4 44 +/- 0.5 74,5 4/-

12 25U 0400 4.9 §/- 0.4 7764 - 39.4 -2.4 1/- 0.0 £.74- 1.0 58,4 4/-
13 250 1031 7.6 /- 2.0 389.2 /- 18,9 Lyt~ 0.0 10,84/~ 1.0 1443 4/-

14 250N 1400 3.2 4/- 1.4 2232 /- 115 -1.6 #/- 0.0 374~ 0.6 48,2 H/-
15 250UN 1800 I8~ 0.7 1077 /- 56 1.24- 0 .7 ¢#- 0 41,6 4/-

16 130 0100 £.34/- 06 915 Y/- 1.8 -0.9 /- 0.0 2.9 4/- 0.3 42,2 4/-
17 130 0600 AL.4 /- A4 4908 H/- 5.0 1.6 /- 0.0 8.0 /- 0.8 293.1 #/-

18 1301 1090 324 10 1255 4- 0 91 124~ 0.0 6.0 +/- 0.6 101.7 /-
19 1300 14%0 7.2 #/- 1.8 195.3 /- 10,1 L34/~ 0.0 S35 4- 0.6 1438 H/-

20 1340 1890 30N 07 7Y 50 -0.6 /- 0.0 22 4- 03 23,9 4/~

21 1A 0100 3.2 ¢/- 07 82,9 ¢/- 4.4 1L.34¢- 04 1.6 #/- 0.3 483.% /-

22 1AL 9400 .4 /- 1.2 192,46 ¢/- 10,0 L4 - 0.0 9.7 4- 0.8 330,34/~

23 140 1000 IAH- 12 197 4/- 0 10.0 1.3 /- 0.0 .4 4/~ 0.8 2320 V/-

24 140 1400 g 4- 1LY 27704/ 1D 1.9 4/~ 0.0 g.54/- 0.9 151.4 4/-

25 HJUL 1809 303 t/- lv:‘ 94-6 1/~ 4.9 ‘007 l’/' 0.0 202 +/‘ 0-3 28.6 */’

25 1SML 0100 1.6 4/- 0,8 6884/~ 17 -5.0 4/- 0.0 2.0 4/~ 0,3 105.4 ¢/~

7 ISHL 0600 2.7 #/- 0.0 847 b/~ 47 0,94~ 04 A7 H- 04 1419 W/-

28 15J0L 1000 2,04~ 1.0 152.54- 7.% 0.9 4/- 0.4 354/~ 0.7 757 4/-

29 1SKL 1400 44 4/ 1.0 16034/~ 8.4 “H24- 0 00 A~ 05 &7 /-

30 15J0 1800 2.64/- 0.6 9914/ 5. -0.7 ¢/~ 0.0 2448 8/- 0.3 40,7 4/-
327006 0100 -2 4/- 00 858 4/- 4.8 lb- 0 000 10,54/ 0.8 30,0 #/-

32 7MUG 0600 12,6 4/- 2,2 5374/~ 3 -1.% - 0.0 6.7 4/- 0.8 118.9 +/-
33 274U6 1903 25,0 /- 4.4 £20.1 #/-  JLS 18- 0.0 LT - 12 28844 /-

34 27A06 1400 13,3 4/- 2.5 308.9 #/- 1840 204 0.0 8.7/~ 09 77.24/-
35 27AU6 1810 4.7 8- 1.0 HES - T4 1.0 4/- 0.5 L24/- 0.4 45,2 /-
35 28AUG 0100 4,1 ¢/- 1.2 1750 4/- 9.9 13 ¥- 0.0 .04/~ 08 B5.2 ¢/
37 28AUG 2400 18,4 ¢/- 2,9 S17.1 4/~ 285 -0 4~ 00 74 4/- 0.9 38,9 H/-
38 28AUG 1010 2 - L7 B3 Y- 16 -1.84- 0.0 8.3+~ 0.8 107.7 4/-
39 28AUG 1400 11,9 #/- 2.6 355.2 H/- 18 214~ 0.0 4,0 /- 0.7 1121 W/-
40 28AU6 1820 2.74/- 0.7 117.9 #/- b1 0.8 ¢/- 0.3 L0 4/- 0.4 26,2 4/-
41 294U6 0100 7.5 +/- 1.5 2431 4/- 124 -l ¥ 0.0 427 4- 24 883 -
42 29806 0500 7.3 4- 2.3 198,54~ 103 1.7 4~ 0.0 3.24- 06 5%.4 4/-
43 290!5 1003 "3-9 4/- 0.0 2‘9-5 '/' 1219 -2'0 "'/' 000 ‘03 {,‘ 007 ls‘-’ "/'
44 Z9AUG 1400 It /- LS 1974 4/~ 104 2.0 4~ 0.8 2.8 4/~ 0.6 BB.S #/-
45 29AUG 1800 28 +/- 0.7 1L 4/~ 59 44 #/- 0.5 2.34- 04 50.4 #/-
45 02SEF 0100  -8.7 #/- 0.0 259.7 /- 141 Ly ¥/~ 0.0 8.1 4/~ 1.6 2.9 ¥/-
47 025EF 0500  -8.9 +/- 0.0 252.7 /- 13.8 L54- LY 15 4/- 1.8 1752 ¢/-
48 02SEF 1110  -10.1 #/- 0.0 5947 /- 31,0 584/ 0.0 27,34 12 1905 4/-
49 O2SEF 1400 -7.3 /- 0.0 3.7 /- 17.8 LAt 0.0 T4 4- 0 1S 1222 v~
SO O2SEF 1830 -3.1 #/- 0.0 1366 4/- 7.2 LB A/~ 0.0 B0 4/ 0.9 S4.d /-
31 QISEF 0100  -4.9 §/- 0.0 784,41 +/- 39.8 -2.8 /- 0.0 4.8 t/- 1.0 25,0 /-
52 03SEF 0400 19.5 #/- 3.4 351.2 4/- 185 =37 #- 0 00 2.3 4/- 1.0 204 /-
53 0ISEP L1000  -5.4 4/- 0.0 225.7 +/- 1ad -3.3 /- 0.0 4.4 4/- 1.1 34.7 4/-
34 035EF 1400 1.1 4/- 2.3 1637 ¢/- 9.0 4.1 /- 1.2 4.0 t/- 1.0 28.8 ¢/-
§5 0JSEF 1805 -3.8 /- 0.0 107,% #/- 4.1 3.1 - 1,0 24~ 0.6 26,9 #/-

{ units in nanograms/m**3 )
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ID DESCRIPTION

1 19.JUN 0100
2 19.JUH 0600
3 19.JUR 1010
4 19JUN 1400
3 190N (80D
& 20UN 0100
7 MJUN 0600
8 24004 1000
9 H4JUN 1400
10 240M 1800
11 2500 0100
12 25JUN 0400
13 25U 1011
14 255N 1400
15 25U 1800
18 138 2190
17 13000 0400
18 130 1000
19 1300 1400
20 $320L 1804
3t 140 0100
22 140U 0400
23 145100 1990
24 1400 1400
25 1JUL 1800
26 3L 0100
27 1520 0599
28 150t 1099
29 15JUL 1400
30 1500 1800
31 274UG 0100
32 278G 0600
33 27806 1003
34 27806 1400
35 27406 1810
34 28AUG 010¢
37 288UG 0400
38 28AUG 1010
39 2BAUG 1400
40 28AUG 1820
41 29AUG 0100
42 298UG 0600
43 29AUG 1003
44 29AUG 1400
43 29AUG 1800
456 025EP 0100
47 025EF 0400
48 02SEF 1110
4% Q25EP 1400
59 02SEF 1830
S1 QJSEF 0100
52 93ISEF 0400
33 Q3SEF 1000
54 QISER 1400
55 03SEF 1805

AS
-0.4 t/-
-1.0 +/-
-0.8 /-
-0.9 ¢/~
~0.6 ¢/-

3.3 /-
-1.7 ¢/~
'lo? */'
'203 */'
-0.8 /-
-1.0 4/-
'200 $/-
-1.4 §/-
‘114 +/‘
-0.7 ¢/~
-0.8 4/~
-1,3 #/-
-1.0 /-
-l.z }/-
-0.5 #/-
-0.8 /-
-1.2 /-
'IOl },’
-1.5 /-
-0.8 /-
-0.9 4/~
-1.2 /-
-1.1 /-
-1.0 +/-
-0.6 4/-

202 */'
'lvb *I'
-1.8 #/-
-1.7 /-
-0.8 /-
-1 /-
-1.7 -
'115 +/'
-1.8 /-
~0.7 /-
-1.1 ¢/-
'!o‘ *I'
-1.¢ /-
'106 *,‘
’007 */‘

6!8 {I'
11.5 #/-
-5.0 */'
-1.7 4/~

4.3 §/-
_2.‘ }/-
'302 $/-
-2.8 ¢/-

4.2 /-
-1.8 ¢/-

Claremont - IMPROVE Filter Data

0.0
0.0
o.0
0'0
000
¢.0
Ole
0.0
0.9
¢.0
9.0
0.0

(=3
<

O d»Oo o P e

.

W 1D Dy DD

SO oo aTSTaCo oo
e - JP A G- S S NN

PB

6°|5 *,'
74.1 /-
118.2 t/-
46,0 4/-
49,6 ¥/-
3.4 ¥/-
87.1 §/-
119.4 /-
117.8 #/-
53.5 #/-
82.1 /-
129.5 /-
172.6 ¢/-
73,9 4/-
57.1 ¥/~
.3 4~
122,4 #/-
°1.9 /-

114,86 /-
.1 4/-
0.4 ¢/-
£4.2 §/-
?3-3 */'
84.7 +/-
49.4 4/-
8.5 ¥-
§2.4 1/-
154.5 ¢/~

123.3 /-
74,3 ¢/-
79.2 4/-
113.9 4/~

145.2 #/-
113,68 $/-
73.7 /-

101.8 #/-
£9.8 +/-
138.8 4/-
29.1 /-
78.0 /-
87,0 ¢/-
79.% 4/-

149.2 +/-
112.8 ¢/-
13.6 $/-
.5 ¥/-
44.9 §/-
2.1 -
.t H/-
8.1 H-

( units in nanograms/m**3 )
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0.3

010
0.0
0.0
0.3
0.0
0.0
0.0
0.0
0.3

0.0
0.4
o.o
0.0
0.0
0.2
0.0
0.0
0.7
0.¢
0.0
0.0
0.0
0.0
6.0
ObO
0.9
0.0
0.0
9.0
0.0

15,5 ¥/-
14.8 #/-

197 4/-

1.2 ¥/-
4.8 4/-
8,3 ¢/-

19,4 $/-
317 */'
30‘ */‘

-1.5 /-
8.0 +/-
it.2 ¥/-

-0.7 4/-
9.8 /-
6.3 ¥/-
9.0 /-

18.0 #/-
709 ’/'

10.1 /-
14.2 /-

10.7 +/-

21,3 /-

10.4 #/-

13.3 #/-

14,3 #/-

lﬂ.l G/'

22,5 /-

12,7 ¥/~

|5-4 +I'
9.3 ¢/-

'&03 ’I‘

5.1 4/-

=2.0 /-

-3.0 */_
3.3 #/-
9.2 +/-

1213 */‘
3.8 ¢/-
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Rubidoux - IMPROYE Filter Dats

Site: Rubidoux
Project: SCAQS 1987, Summer
Organization: UL. Devis
Sampler: IMPROYE Cyclone - Tefton Filters
Perticulate Size: < 2.5um
Anelyais: Grovimetric Mess, Opticel Absorption, FAST, PIXE
Units: microgrems per cubic meter for Mass and FAST: Hto O
: 10%%{-6) meters for Opticel Absorption
: nanogrems per cubic meter for PIXE : Ne to Br
# of Samples : 54
Column Header: ID = Identification * of sample for each row
: Description : Start Day, Month, Time{military time, PDT)
: Status = CG - clogged fiiter, uncertain volume
= PP - Sample duration is >> SCAQS schedule
= (¥ - overlap of volume between 2 filters, uncertain volume
= PX - unacceplable PIXE Analysis
= XX - did not sample
: ET = Sample Durations{decimatl hours)
: Ma = Gravimetric Mass - pg/m*+3
: 0A = Optical Absorption - 10%%(-6) meters
: Elementel Concentrations (eq. Fe=iron) and uncerteinties.
If element i below minimum detectable limits{MDL),
the MDL is given{marked by a nagative sign).

ID  Description Status ET( hrs. ) Ma 0A ( 10**6 inverse meters )
1 19JUNOI0D 5.00 3551 +/-1.60 30.72 +/- 0.90
2 19JUN 0600 3.50 4147 +/- 2.40 4285 +/- 128
3 19JUNI100D (G 400 46.65 +/- 2.26 3093 +/- 0.90
4 19JUN 1400 350 72918 +/- 2.02 2823 +/7- 097
5 19JUN 1800 7.00 1535 +/- 1.42 2438 +/- 0.60
6 24JUNO100 CG 5.00 4373 +/- 1.84 3483 +/- 090
17  24JUN 0600 350 8651 +/- 318 64.15 +/- 1.38
8 24JUN1000 CG 400 98.06 +/- 3.66 51.19+/-1.13
9 24JUN1400 €6 4.00 53.10 «/-2.30 43.00 +/- 1.15

10 24JUN 1800 OV 137 3661 +/-1.40 33.28 +/-0.77

11 25JUNOIOD OY 5.01 4070 +/- 1.77 32.10 +/- 0.86

12 25JUN 0600 3.14 89.17 +/- 3.34 786t +/-1.75

13  25JUN 1000 400 7013 +/7- 2.63 7359 +/- 0.98

14 25JUN 1400 400 3424 +/-1.92 3543 +/- 112

1S 25JUN 1806 OY 892 3383 +/-1.2% 3190 +/- 0.69

16 13JUL 0100 5.01 42.84 +/- 1.80 4157 +/-1.07

17 13JUuLo60C C6 3.51 50.28 +/- 2.91 79083 +/- 2.31

18 13JUL 1008 3.88 3306 +/- 192 29.66 +/- 0.95

19  t3JUL 1400 3.50 36.32 +/- 210 38.07 +/- 1.21

20 13JUL 1800 XX 0.00

( units in micrograms/m**3 )
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Description Status

14JUL 0100
14JUL 0600
14JUL 1008
14JUL 1400
14JUL 1800
15JUL 0100
15JUL 0600
1SJuL 1000
15JUL 1400
15Jut 1800
27AUG 0100
27AUG 0600
27AUG 1000
27AUG 1400
27AUG 1800
2BAUG 0100
28AUG 0600
28AUG 1000
2B8AUG 1400
26AUG 1800
29AUG 0100
29AUG 0600
29AUG 1000
29AUG 1400
29AUG 1800
023EP 0100
02SEP 0600
02ZSEP 1000
02SEP 1400
02SEP 1800
03SEP 0100
03SEP 0600
03SEP 1006
035EP 1400
03SEP 1800

6

88883 88 8

88

E¥( hrs. ) Ma

5.00 27.21+/-1.49
350 3156+/-205
3.88 5490 +/- 251
350 46.82 +/- 2.31
7.60 34061 +/- 1.38
5.00 4194 +/-1.79
350 7216 +/- 282
4.00 78.81 +/- 3.24
350 4585 +/- 2.36
7.00 3018 +/- 1.29
S00 6646 +/-236
3.50 100.71 +/- 3.58
400 90.74 +/~3.39
350 60.01 +/- 2.57
7.00 4592 +/- 1.64
5.00 56.48 +/- 2.15
350 9410 +/- 3,38
396 99.79 +/- 3.69
350 70.41 +/- 2.89
7.00 60.24 +/- 2.07
5.00 54.37 +/- 2.06
351 11012 +/-3.76
401 110.99 +/- 3.61
350 37.90 +/- 194
7.00 40.88 +/- 1.53
5.01 51.06 +/- 2.15
350 56.11 +/- 259
4.00 15.33 +/- 1.47
4.00 1280 +/- 1.44
7.00 71.56 +/- 2.29
5.01 41.42 +/- 1 .66
350 6455 +/-250
400 4159 +/- 1.88
400 2594 +/- 1.6
7.01 30.23 +/- 1.21

Rubidoux - IMPROVE Filter Dete

OA ( 10**6 inverse meters )

3412 +/- 1.06
44.49 +/- 1.49
45.09 +/- 1.26
47.79 +/- 1.40
21.75 +/- 0.67
2422 +/- 0.64
42.10 +/- 1.00
5446 +/- 138
368.10 +/- 115
27.24+/-0.72
46.23 +/- 0.92
122.44 +/- 2.44
73.81 +/- 1.64
5757 +/-1.52
4175 +/- 084
S3.11 +/-1.21
110.43 +/- 2.27
85.76 +/- 1.90
58.51 +/- 1.48
57.36 +/- 1.03
53.63 +/-1.22
95.32 +/- 167
68.58 +/- 2.17
4184 +/- 1.9
30.21 +/- 0.68
12193 +/-3.28
139.37 +/- 405
23.14 +/- 143
26.19 +/- 1.70
65.84 +/- 1.99
5321 +/-2.13
11181 +/- 437
51.03 +/- 2.22
37.30 +/- 1.89
2567 +/- 1.05

( units in micrograms/m**3 )
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Description Status

19JUN 0100
19JUN 0600
19JUN 1000
19JUN 1400
19JUN 1800
24JUN 0100
24JUN 0600
24JUN 1000
24JUN 1400
24JUN 1800
25JUN 0100
25JUN 0600
25JUN 1000
25JUN 1400
25JUN 1800
13JuL o100
13JUL 0600
13Jut 1006
13JUL 1400
13JuL 1800
14JUL 0100
t4JUL 0600
t4JuL 1008
14JUL 1400
14JUL 1800
15JUL 0100
15JUL 0600
1SJUL 1000
15JUL 1400
1SJuUL 1800
27AUG 0100
27AUG 0600
27AUG 1000
27AUG 1400
27AUG 1800
28AUG 0100
28AUG 0600
28AUG 1000
28AUG 1400
28AUG 1800
29AUG 0100
29AUG 0600
29AUG 1000
29AUG 1400
29AUG 1800
02SEP 0100

2288 B 8

8 =2

8

8888 88

Rubidowx - IMPROYE Filter Dsta

H
0.96 +/- 0.05
1.53 +/- 0.0
1.84 +/- 0.09
1.07 +/- 0.05
1.13 +/- 0.06
159 +/- 0.09
366 +/-0.18
410 +/-0.20
2.46 +/-0.12
1.75 +/- 0.09
1.74 +7- 0.09
3.75 +/-0.19
2.76 +/-0.14
165 +/- 0.08
1.27 +/-0.06
202 +/-0.10
218 +/-0.11
1.65 +/- 0.08
1.86 +/-0.09

.15 +/- 0.06
1.41 +/-0.07
2.24 +/-0.11
2.46 +/-B.12
169 +/- 0.08
1.67 +/- ©.08
3334/-0.17
378 +/-0.19
241 +/-0.12
1.46 +/- 0.07
269 +/-0.13
360 +/-0.18
340 +/-017
256 +/-0.13
187+/-009
2.13 +/-0.11
350 +/-0.18
400 +/-0.20
346 +/-0.17
251 +/-0.13
235+/-012
491 +/- 029
554 +/-0.28
233 +/-0.12
1.76 +/- 0.09
155 +/-0.08

c
8.36 +/- 1.67
9.39 +/- 1.08
10.77 +/- 2.15
5.91 +/-1.18
5.74 +/- 115

10.49 +/- 2.03

1044 +/- 2.09
18.75 +/- 2.60
1593 +/- 3.19
0.41 «/- 1.66
8.70 +/- 1.37
2155 +/-4.13
1552 +/- 310
12.66 +/- 253
8.69 +/- 0.34
10.2 +/- 1.98
1773 +/- 2.75
9.39 +/- 1.88
1544 +/- 135

7.62 +/- 152
10.00 +/- 1.39
13.02 +/- 2.60
1781 +/- 1.40

1.87 +/- 157

572 +/-1.14
1062 +/- 2.12
18.96 +/- 3.79
1417 +/- 283

735 +/- 1.47
13.95 +/- 0.62
21.44 +4/- 375
21.46 +/- 425
2299 +/- 0.02
1256 +/- 1.72
1351 +/- 2.11
2398 +/- 480
2982 +/-5.96
25.86 +/- 3.05
15.78 +/- 258
1438 +/- 1.04
20.52 +/- 4.10
25.29 +/-5.06
15.23 +/- 3.05

9.05 +/- 1.65
20.86 +/- 1.98

N
3.25 +/- 0.46
550 +/- 0.74
693 +/- 091
1.34 +/- 0.27
415 +/- 0.56
945 +/- 1.21
2195 +/- 352
25.06 +/- 3.18
.17 +/- 093
.42 +/- 096
11.23 +/- 143

12.14 +/- 1.55
2.74+/-0.40
-0.12 +/- 0.00
7.86 +/- 1.01
6.01 +/- 0.79
3.72 +/- 052
3.35 4+ /- 0.47

290 +/-0.42
3.84 +/- 054
742 +/- 093
6.21 +/- 0.82
7.84+/-1.01
10.46 +/- 1.33
18.35 +/- 2.32
2423 +/- 3.05
8.31 «/- 1,07
5.45+/- 0.1
16.90 +/- 2.13
15,17 +/7- 192
13.41 +/- 1.1
5.33 +/- 0.7
11.09 +/- 1.41
10.70 +/- 1.36
-0.43 +/- 0.00
-0.50 +/- 0.00
198 +/-1.04
18.82 +/- 2.37
11.13 +/- 1.42
41.35 +/-5.19
2397 +/- 3.03
3N +/-056
-0.13 +/- 0.00
203 +/- 032

( units in micrograms/m**3 )
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0

8.21 +/-0.76
14.31 +/-1.34
15.97 +/- 1.46

8.83 +/- 082
11.33 +/- 1.04
13.63 +/-1.25
35.6% +/- 3.22
38.26 +/- 3.45
20.80 +/- 1.89
16,12 +/- 1.46
1473 +/- 1.34
3218 +/- 2.91
25.91 +/- 2.35
1294 +/- 1.18
1017 +/- 0.93
1713 +/7- 156
1744 +/- 159
11.64 +/- 100
1183 +/- 108

.86 +/-0.73
10.16 +/- 0.94
18.53 +/- 1.68
17.29 +/- 157
1492 +/- 1.36
15.25 +/- 1.39
3011 +/-2.72
33.66 +/- 3.04
18.52 +/- 1.68
12.95 +/- 1.18
23.82 +7- 2.16
3058 +/- 2.77
2896 +/- 2.62
10.56 +/- 1.69
1458 +/- 1.33
17.08 +/- 1.55
29.86 +/- 2.70
3256 +/- 294
25.74 +/- 2.33
1953 /- 1. 77
20.39 +/- 1.85
45.73 +/- 4.13
4755 +/- 430
13.28 +/- 1.23
§5.12 +/-1.37

1489 +/- 1.36



iD
47

49
S0
51
52
S3
54
55

Description Stetus

02ZSEP 0600
023EP 1000
02SEP 1400
02SEP 1600
O3SEP 0100
03SEP 0600
03SEP 1000
O3SEP 1400
O3SEP 1800

6

Rubidoux - IMPROYE Filter Dats

H
1.88 +/- 0.09
1.06 +/- 0.05
1.04 +/- 0.05
3.00 +/- 0.15
1.80 +/-0.09
253 +/-0.13
231 +/-0.12
1.90 +/- 0.10
1.29 +/- 0.06

c
22.24 +/- 292

-9.05 +/- 0.00
19.80 +/- 3.33

26.16 +/- 467
18.02 +/- 3.60
1402 +/- 2.80

8.00 +/- 1.60

N
1.38 +/- 0.27
-0.95+/- 000
-1.12+/-0.00
8.43+/-1.10
354+/-053
5.63 +/-0.78
3.38 +/- 0.52
1.73 +/-0.35
3.23+/-0.48

( units in micrograms/m**3 )
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0
14.71 +/- 1.34
5.43 +/- 0.54
292 +/- 033
23.09 +/-2.10
1155 +/-1.07
1722 +/- 158
1183 +/-1.10
10.05 +/- 0.94
8.70 +/- 0.81



Rubidoux - IMPROVE Filter Data

ID DESCRIFTION AL 51 5

119000 0100 102.2 +£~ 7.9 194.9 /- 110 1025.1 /- 51.%
2 19JUN 0600 207.7 #/- 15,4 A42.7 #/- M. 1399.3 #/- 711
3 I90UN 1000 250.5 4~ 17.4 420,90 t/- 231 1218.2 +/-  46.8
4 190N 1400 208.7 #4& 15.5 438.8 /- 23,5 1077.9 t/-  §5.9
JITHN 1800 147.7 #/- 116 2988 #/- 14,3 ?65.0 +/-  48.%
§ 200N 0100  135.1 ¥/~ 9.3 ML~ IAY 099.% /- 50,2
7 UMM 0600 227,86 £~ 21,2 MR H- 2.4 2500.0 +/- 131.8
8 240UN 1000 432.7 /- 28,2 BAS.L #/- 45,5 2896.2 4/- 1484
7 240N 1400 202.1 #4-  19.8 SITI 4/- 29.0 24273 +/- 122.4
10 240 1800  192.1 #7~ 43.0 356.7 #/- 19} 928,95 +/-  49.¢

11 2500M 0100  107,9 #~ 40.5 2302 #/- 14.5 1193.0¢ /- 57.5
12 250N 0600 238.5 4~ 21.§  S£2.0 4/~ 312 02,5 ¥~ 107
13 250N 1900 560.4 #/- 389 775.7 #/- 43,0 2144.5 /- 10%.¢
14 25006 1400 370.3 £~ 25.3 58%.0 4/- 3241 1823.7 #/- 92,7
13 250N 1800  2101.9 $2- 12,8 385.0 4/~ 20,2 948,58 +/- 47,9
16 13JL 0100  196.0 £ 131 383.1 4/-  19.9 1643.4 1/~ 83,2
17 130 0800 &11.0 &~ 38,0 703.8 +/- 48.2 1836,7 #/- oL.¢

18 13401 1008 21,2 £~ 14,0 3730 4/- 204 1955.0 #/- 743
17 13000 1400 227.2 45~ 16,3 894 4/- 2107 1714.8 1/ o4
2 ML 6102 1414 B~ 134 U244~ 17,7 .7 4/- 72.¢
22 140U 0400  209.4 R4~ A0 385.5 #/- 21,1 19€5.9 #/-  75.4
23 140UL 1008 243.5 K~ 1904 S19.1 44~ 3300 2008.7 4/- 101.%
24 J4JUL 1400 254.1 - 195 4441 4/- 254 2807.0 4/- 1414
25 14JUL 1800 172.0 £~ 2.2 317.0 4/- 18,2 , 1S65.3 4/~ 75,8
26 15 0100 93.0 +/- 2.1 1751 #/- U105 19933 4/- 1004

27 I5JUL 0500  107.8 #/- 40,3 287.2 4/- 16,4 10347 H/- 1544
28 ISMR 1000 522.7 4/- 414 791,37 4/-  AS.E 342,74/~ 15948
27 150K 1400  226.3 /- 234 3722 47- .S 2018.1 #/- 10241
30 1SR 1B0C  173.8 #/~  35.0 19%.1 4/~ 18,0 1007.2 ¥/- 54
31 27406 0100  §1.4 +/- 8.3 4.2 4/- MO0 LEILI L 82,5
32 27806 0500 717.2 4/~ 47,8 1155.8 /- 62,8 2440.4 /- 1234
I3 27006 1000 £57.8 +/- 474 10299 4/~ 58,8 259L.7 4/~ 1314
314 27006 1400 541,90 4/- 34,1 °40.1 4/- SO0 2258.3 4/- 114.9
33 274UG 1800 312.0 +/-  24.5 456,24/~ 2.0 13307 4/- 48,
36 20AUG 0100  249.8 44~ 48,2 450.0 4/- 25.4  1719.3 4/- @7.0
37 28AUG 0400  504.9 #2- 40,9 B820.¢ 4/- 48,6 2295.7 4~ 114,
18 28ALG 1009  B52,0 4/- B0 14974 4/- 79,2 215,46 4/- 108.7
37 28AUG 1400 547.8 +~ 38.2 BSS.3 4/~ 48.%  JW5.3 /- 148.8
40 28AUG 1800  327.0 #/- 2.1 S525.2 4/- 28,5 M8 #/-  75.2
A 29AUG 0190 42,5 /- 8.5 407.4 4/ 22,2 1228.0 4/- 6244
42 290G 0600 28,8 +/- 25,4 4334 4/- 29,2 25237 44- 17k
43 29AUG 1000 260.2 +/- 2589 MLI H- U7 019 K- ML
49 29AU6 1400 185.9 4/-  1B.1  402.7 4/- 5.0 A5 4/- 138.2
45 29AUG 1800 257.4 &/- 15,7 1907 #/- 2.} 12840 /- 83,8
46 02SEP 0100 1058.2 +/- 'B1.2 1757.7 #/- 100.0  1027.1 4/- 9.7
47 02SEF 0600 1311.5 #s- 77.2 23511 /- 121.3 922.9 ¥/- 49.:
48 02SEF 1000  405.6 +/- 42,0 1038.7 4/~ S7.0 682.8 1/~  30.%
49 02SEF 1400  203.3 #/- 4.9 47,0 +/- 22, £31.7 &/ 35.¢
30 Q2SEF 1800  404.3 4/- 27,8 647.7 +/- 170 1744.4 4/-  ge.
31 Q3SEF 0100  194.2 4/-  48.9 77,5 #/- 2.2 1595.9 4/- @)
52 O3GEF 0600  442.8 4/-  38.3 §23.0 4/- 2.6 1ESS.2 4/- 5L,
53 Q3SEP 1000  275.4 #/- 229 4702 47- 28,5 1781.9 4/~ 92,
54 O3SEF 1400 240.8 +/- 219 491.8 4/~ 29.2  1741,0 $/-  @e,
53 OISEF 1800  124.3 +/- 12,9 2165 /- 143 14574 4/- M.

wn <2

T e Gy fud

( units in nanograms/m%*3 )
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1D BESCRIPYICH
1 19JU% 0190
2 19JUN 0600
3 190 1000
4 19JUN 1400
5 19JUN 1800
5 AN 0100
7 40N 0500
8 24JUN 1000
9 24JUN 1400
10 24JU8 1890
11 25)U8 0190
12 25JUN 0400
13 25JUM 1099
14 25JUN 1400
15 25JUN 1860
15 13300 0100
17 130U 0400
18 13JUL 1908
19 13JUL 1490
21 14U 0129
22 1401 0600
23 14U 1098
24 140 1400
25 14JUL 1800
26 15JUL 0100
27 15U 0400
28 1SJUL 1000
29 1SJUL 1499
30 15JUL 1800
31 27806 0190
32 274U6 0600
33 27AU6 1000
34 274U 1400
35 27AU6 1800
34 28AUG 0109
37 28MUG 0400
39 28AUG 1009
39 26AUG 1499
40 284UG 1800
A1 29005 0100
42 258U6 0409
43 29406 1000
44 29406 1400
45 29AU6 1809
46 02SEF 0100
47 02SEF 0600
48 02SEF 1000
49 025EP 1400
50 02SEF 1800
51 03SEP 0100
52 DISER 0500
53 03SEF 1000
S4 0ISEP 1400
S5 0ISEP 1800

142,2 4/-
233.8 /-
174.3 4/-
103.7 +/-
£4.9 /-
257.4 /-
235.9 ¥/~
194.0 ¢/-
103.3 ¢/-
134,46 /-
259.8 4/~
112.5 §/-
1119 ¢/~
127.3 #/~
146.9 4/-
159.2 +/-
109.5 /-
86,5 4/~
£8.9 +/-
104.7 #/-
220.2 V-
102.3 /-
92.3 /-
9606 */’
71,2 ¥/~
298.9 /-
207.9 4/-
152.2 +/-
187.6 t/-
355,86 4/~
492.7 ¢/-
250.9 /-
139.4 /-
110,2 t/-
200.0 /-
199.2 4/-
157.7 /-
117.7 4/-
502.8 /-
538.7 4/-
190.0 +/-
126.3 /-
203.2 ¢/-
139.4 /-
330 ¢
170.7 ¥/-
151.1 #/-
116.2 /-

7.1
12,0
9.2
10.4
902
4.9
9.4
13.7
10.3
8.2
5.3
17.3
14,7
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Rubidoux ~ IMPROVE Filter Data

CA
174.3 ¥/-
367.3 t/-
50,3 +/-
223.8 /-
185.6 ¢/~
137.0 ¢/-
228.9 4/-
475.2 /-
259.9 /-
219.1 #/-
126.2 /-
735,5 /-
11%.3 ¢/-
279.3 ¥/-
A7.1 +/-
210.5 /-
°92.0 4/-
240.8 {/-
187.4 +/-
197.¢ ¢/-
179.2 ¢/~
33R.4 §/-
190.1 +/-
135.4 /-
192.8 +/-
174.7 4/-
394.3 /-
191.7 4/-
154.5 +/-
165.4 §/-
1459.0 +/-
§28.4 4/-
J47.0 ¢/-
251.9 ¢/~
517.5 ¥/-
1025.7 4/~
?59;7 ’/'
3&1.4 4/-
250.0 4/-
135.0 ¢/-
319.8 ¢/~
213.7 /-
130.2 ¢/-
157.1 /-
3930.4 4/-
3261.3 ¢/-
656.4 +/-
7.5 /-
386,86 4/-
158.7 1/-
1728.5 t/-
298,3 +/-
t61.4 4/-
145.9 +/-

( units in nanograms/m**3

10.0
20,5
14.5
3.3
11.0
8.0
13.4
26.8
15.1
12.1

8.8
10.6
2.5
16:0
1109
2.0
S2.4
13.6
‘cl?
f1.4
20.%
18.¢
ll 'O
7.7

5.2
10.3
22.8
1t.2
14,2
9.8
773
34.8
20.3
15.2
3.0
S4.8
52,8
20.8
14.1
9.2
18.5
15.8
10.2
9.1

2.5
170.3

374

144
2,2

s

20,2
1.1
17.1
1.3
8.8

801 },’
1.1 4/-
?.3 /-
?.2 4/-
8.0 ¢-
21.6 4-
9,9 4/-
7-5 ti-
8.7 4/-
5.6 4/-
15.2 4/~
12.4 +/-
5.1 +/-
1.5 +/-
5.2 +/“
8.8 /-
§.7 t/-
9.6 /-
4.8 +/-
27,1 4/~
31,5 ¥/-
28.4 ¥/-
18.9 4/-
8.5 4/-
2'.‘ ‘/'
40.4 +/-
5.1 4/~
12.8 +/-
10-2 */'
§.3 4/-
8.1 #/-
13.0 #/-
8.9 1/-
39-5 4/‘
5%.5 1/-
25.3 ¥/-
10.5 /-
15.5 /-
407 4/'
15n6 *f'
15-4 ’/'
6_5 /-
-9 /-
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-4,7 ¥/-
-3.1 #/-
-4.§ $/-
3.8 ¢/-
- -
-4.% ¢/~
-84 -
-4.4 4/~
-2.3 1=
=244 $/-

-4.¢ ¥-

-lQ:! +f'

P IR Y
~8.2 4/-
-3.¢ 4~
7.0 -
11.8 /-
-an +/-
-5.4 H/-
-3.8 4/~

-10.9 ¢/-

-S-? /-
-5.7 -

-7 -
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-1.9 4/-
-3.1 -
-2.8 4/-
'207 $i-
-1.3 4r-
-2,0 ¥/-
-4'9 *!_
“‘03 */'
-]" [y
-1,9 4~
-"1 1=
-4,2 +/-
'304 +!'
-L09 f{—
.l" -
-2‘3 */-
-3.4 |
=2,5 &
=2.¢ 3/-
':ul -
-2‘7 /-
‘319 +.'
-2.8 -
-1.6 4/-
-1y b~
‘300 $/-
~4.4 t/-
~3.94 4/-
-3.0 /-
=06 #/-
-4.3 /-
-4.6 ¥/-
-4.5 L!-
-1.8 4.-
'206 47~
-4,5 ¢~
-5.8 ¢~
~4.0 4~
'2-5 /-
=22 §#/-
-3.6 i/a
9.2 +1-
5,3 ¢+/-
1.4 §/-
'356 *I‘
-4.3 -
-8.6 ¢/-
£.1 47-

"-9 */‘
-5.0 #/-
-9.1 /-
'S!I 3=
-6'1 41a
-3.4 4/-

0.0
0.9
0.0
0.0
0.0
o.a
2.7
000
0.0
2.0
c.0
0.0
0.0



®ubidoux - IMPROVE Filter Data

ID DESCRIPTION MK FE NI cy N
119006 0100  3.54/- 1.0 1163 4/- 6.0 0.5 4~ 00 204/~ 0.3 16,2 #/-
200N 0600 7.6 4/- LT AnA M- 12 LS4 0.0 ZB - 0.5 3T /-
JAONN 1000 -2,54/- 0.0 M5 4/~ 113 LI M- 0.0 25 H- 0.4 8.8 4/-
190N 1490 2.5 4/- 0.0 206.4 #/- 106 LIM- 00 0.9 4 0.3 13,4 /-
SI90 1800 1.5 4/- 0.6 1324 /- 7.0 CAE/~ 0.2 074 0.2 12,8 4-
6NN 0100 2.0 #/- 0.7 1381 #/- M0 0.9 8- 00 134~ 03 2 -
72400 0800  3.24/- 1,3 1898 4/- 9.0 18- 0.0 -LSH- 0.0 M3 -
824N 1000 484~ 1.5 MY H- 19.] L. 0.0 284~ 0.7 3NS5 M-
9 2NN 400 404/~ 1.2 KB 67 LA~ 0.0 R M- 08 7.4 -
10 2408 1800  -1.8 #/- 0.0 1729 #/- 8.8 054 00 LA H- 0.3 18,5 H-
11 25000 0100 -3.8 4/- 0.0 ST #/- 3.8 8.5/~ 1.2 LB 0.0 -1.5 4/-
12 25JUN 0600  -3.8 /- 0.0 2802 #/- 14.5 LI4- 06 234~ 0.8 2.2H-
13 25000 1000 -3.1 4/- 0.0 345.84/- 17.8 LS 08 LS4~ 0.5 8.5 4/-
14 250N 1400 354/~ 1.1 297 H- 13,3 SLIH- 0.0 ASH- 05 16,5 M-
15 2500 1800  -1.3 4/- 0.0 1728 ¥/- 8.8 DA 00 104 0,2 18,5 /-
16 1300 0100 3.7 4/- 1.0 1888 /- 9.4 SLEE- 0.0 L2401 15,7 H-
17 13000 0500 12,4 +/- 2.0 8O3 4/~ 0.7 SLE - 00 3.8 4- 06 3NS5 -
18 1300 1003 2.4 /- 0.9 1.5%/- 8.8 L2400 LT - 04 250 8-
19 13000 1400 -2 #/- 0.0 1968 /- 10,1 SL2H- 00 134/~ 04 82,3 -
211400 0100 3.4 4/~ 0.9 151 4/- 7.9 LA 00 L2403 18,8 §/-
22 1400 0600 S 4/- 1.3 2978 /- 10.7 13- 00 LI 04 45,0 4/-
2310 1008 5.2 4/~ 1.1 9.4 4/ 13,3 SL A H- 0.0 204 04 49,1 /-
20 1AL 1400 A0 8- 1.4 2034 4/- 104 LI 00 284 05 3 i/-
25 1AL 1800 1.7 4/~ 0.5 14584/~ 7.5 0.5+~ 9.2 L1/~ 0.2 M4 -
25 1S 0100  -1,7 #/- 0.0 787 4/~ A, S0 - 80 081/~ 0.3 2.5 ¥/-
27 1S 0600 1.9 4/- 1,0 136 4= 7.0 SLIHA 00 244 05 40T -
28 1SAL 1000 8.9 4/- 1.5 3300 #/- (7.4 0.74/- 0.6 204/ 0.6 9.1 #/-
29 1SHL 1400 1.8 #/- 1.2 189.8 /- 9.8 &4~ 00 134~ 05 .8 /-
30 ISAL 1800 -2.7 +/- 0.0 22,6 #/- 4.7 L7 4. 00 LEW- 0.5 19.3 4/
MG 0100 I3 M- 69 I3RT H- 2.3 24 00 L2403 M. -
32 27006 0600 38,5 4/- 10,9 SILL B~ 269 -LB/~- 0,0 LSH- 0.5 300 4/-
33 27AU6 1000 11,9 #/- 2.7 SA&I 4/~ 208 -l - 0.0 LS4 0.7 568 4/-
34 27006 1400 -4.1 4/- 0.0 4388 #/- 22, 2.0 H- 08 X124/~ 07 542 /-
3527006 1800 2.6 4/~ L2 A H- UM 00 H- 0.0 L7~ 0.3 M0 4-
36 28AUG 0100 2.7 #/- L. 2880 #/- 136 LA 4~ 0.0 324~ 05 20.3 4/
37 28AUG 0600 4.1 #/- 0,0 AEBS /- 239 -0 M- 0.0 B H- 0.6 36.9 /-
38 28AUG 1009 A7 4/- 2.2 8883 4/- 39 <284 0.0 3I4- 0.7 93,0 4/
39 28AUG 1400 3.8 #/- 0.0 2088 /- 20.7 0.7 4/~ 0.5 L9+~ 0.5 BA /-
10 280U6 1800 5.5 #/- 1.2 MBAH- 127 -Li b~ 00 L34 0.3 264 /-
Al 294UG 0100 4.2 4/- 10 2B 4/~ 111 -LO M- 0.0 1.2 - 0.1 15,8 4/-
1229006 0600 7.6 /- 1S M08 4/~ 124 -LSH- 0.0 I~ 0.5 25.4 4/-
A3 29AUG 1000 8.3 #/- 0.0 237 4/~ 134 4S5 H/- 0.0 &1 4/ 1.5 19.0 4/-
2905 1400 394/~ 20 184~ B9 B~ 0.0 204 1.0 19.0 /-
A5 29AUG 1800 1.4 #/- 0,0 187.6 §/- 8.5 2O H- 02 0T M- 02 11,6 4
16 025EP 0100 17,3 4/- 2.8 75284/~ 383 -2.04- 9.0 434/~ 0.8 S0.4 /-
47 O2GEP 0400 L9 4/- 0.0 W& 4/~ AT 204 6.0 SSH- 0 0.0 417 p-
18 025EP 1000 -7.84/- 0.0 S H- 03 A4S~ 80 SD b~ (4 13 -
49 02SEF 1400 -4.8 4/- 0.0 IS85#/- .2 004/~ 0.0 344~ 0.0 0. 4i-
S0 02SEF 1809 7.8 4/~ 1.8 I3 - 174 204 00 194~ 0.7 45.7 4/-
51 O3SEP 0100 A6 #/- 1,7 189.% 4/~ 10,0 224 08 284 0.7 162 W-
52 03SEF 0600  13.2 4/~ 3.0 4688 M- 3 0S54/~ 0.0 S 4/~ 1.4 AL4 /-
ST O3SEP 1000 -7.3 #/- 0.0 26k 4/~ 130 LI b 00 D4 - LY 2.9 4/
S4 O3SEF 1460 2.3 4/- 19 124/~ 100 L1 M- 0.0 Dad- 6.0 157 4/
5 03SEF 1800 -3.1 b~ 0.0 1084 #/- S8 LT 0.0 2.4 4/- 8.5 7.9 dse

( units in nanograms/m**3 )
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Rubidoux - IMPROVE Filter Data

ID DESCRIPTION As rE of BR
1 19008 0100 -0.8 #/- 0.0 18,74/~ 2.4 -0.8%- 0.9 5.8 +/-
2 19JUN 0400 -1,2 8- 0.0 72,4 4/- 4.8 1.5 #/- 0.8 7.7 $/-
3 19Ju8 1000 T I T Y Y T VS 0.5 /- 0.4 9.6 4/-
4 190N 1400 L. 0 2104 2,1 -2 4/ 0,0 7.5 t/-
S 19JUN 1800 2.0 4/- 0.7 1804/~ 2.0 0,73/~ 0.0 7.6 4/-
& 24000 0100 234 05 2284/ 28 -0.84/- 0.0 7.7 $/-
7 42N 0500 L7 4- 17 853 4H- 0 5.2 <Lk D 19,0 4/-
8 24201 1000 S IR 72N T R 1% [ SR 7 SRR . I ¥ S W 10,2 §/-
9 24000 1400 1.3 4 0.0 12,2 4/- 1.8 7.8 4/ L0 9.5 #/-

10 240M 1800 -0.84/- 0.0 B2%- LY -0.BH/- 2.0 8.5 ¢/-

11 25JuN 0100 -1.8 /- 6.0 11,74/ 1.0 ~{.84- 0.0 5.5 -

12 25JUN 0600 8,94/~ 1.8 254 40 -7 8- 6,0 M. -

13 25JU8 1000 e M- 0L 21 4/- 0 LT A3 K- 1) 12,8 4/-

14 25JUN 1400 oS 1S B TR O SR /. 9% N VRN Y RS DY B V SSR 13.4 /-

15 25000 1800 -0,5 4/~ 0.0 3N24- 200 <054/ 6.0 5.0 ¢/-

16 130 0109 -0.8 4. A0 KT K- LT 1,34/~ . 8.0 t/-

17 13JUL 0400 1LY - 600 10,7 H- 4.0 4.8 4~ 0.0 10,0 4/-

18 130 1008 -1,0 #/- 0.0 T4 A 24 -1 - 0 9.0 4/-

19 13JUL 1400 LA - B0 38,54 2.8 -l #- 20 18.2 4/-

21 140 0100 0.9 4/~ 00 4,54/~ 2R 9.0 4 80 -1.1 4/

22 14JUL 0400 13,5 /- L4 230 $/- 10, A4 6 -1.4 /-

23 14300 1008 L d- s 390 4 27 1.6 $/- 2.5 6.4 +/-

24 1400 1400 LA~ 00 400 4~ 28 -1,2 4/ 0.0 15.1 ¢/~

25 14JUL 1800 0,5 M- 00 2844/~ 200 <084/~ 0.0 4.9 4/~

25 15JUL 0100 0.7 +/- 0.0 18,2 +/- 1.1 0.8 +/- 0.3 5.6 1/-

27 1SUL 0400 254/ 6% 2194/~ 1.3 1.24- 0.8 1.1 /-

28 i5JUL 1000 L8 b~ 00 3000 42- 4 -9 4. 6 11.4 4/-

29 1501 1400 L1~ 19 A5~ L8 -4 60 8.4 4/-

30 15JUL 1800 LA d- 00 TTAN- 2 ALY e -1.8 /-

31 27406 0100 L0 H- 00 3664/ 24 -1 4/ 0.0 15.1 4/-

32 78U6 0400 L5 #0000 1380 4/ 6.9 <16 4/~ 0.0 23,9 4/-

33 27AU6 1000 1.8 4 00 SRR/~ A4 -1 ¥~ 00 .9 /-

34 27AUG 1400 L7 - 0.0 5B 4- 0 42 1.9 4 a0 14,5 4/-

35 27AU6 1800 0.2 4/- 00 S04 4/- 27 -0.8 %~ 40 14,7 4/-

38 28AUG 0100 L H- 000 SR T4 L2 0.5 #/- 2.1 9,9 4/-

37 2BAUG 0400 =17 H- 0.0 1097 /- 6.2 1B 4~ 00 23.1 /-

38 28AUG 1009 =224~ 0,0 82.314/- S 244 0.0 22,0 4/-

39 28AUG 1400 =1L 4- 0 00 A #/- 0 7Y <h8 4/~ 0.0 13,7 /-

40 28AUG 1800 0.7 #/- 0,0  SL.34/- 3.0 -0,9 47~ 0.0 4.5 ¥/-

41 29AU6 0100 -0.8 ¢/~ 0,0 64,04/~ L1 -0.84/- 0.0 8.2 i/-

42 2946 0500 L3 b- 80 9274~ S0 024 o 20,2 -

43 298U6 1000 - 1B 4/- 00 78 H- 108 254 1.3 2.5 /-

44 29016 1400 AT H- 00 A%, 4/~ 8.7 1.3 4~ o0 3.5 /-

45 29416 1800 0.54- 20 80,54/~ 21 -0.84/- 0,0 7.4 /-

4% 02SEF 0100 144~ 00 102,24/ &0 -1 H- 0,0 18,6 4/~

47 025EF 0400 S VAR YE X N ET.90 I Y U S S B Y 10,5 +/-

48 02SEF 1000 LT H- 00 S 4~ TR 40 - T8 -4.9 §/-

4% 025EF 1490 - LS - 00 B b~ e SLAH- 80 4.5 /-

50 02SEF 1800 £34/- 2.0 A 67 <L b B =24 ¥-

51 03SER 0100 224 00 204~ 4 2.0 /- 1.4 8.3 /-

52 03SEP 0400 254 H/- 45 5574 12,5 40 p- B0 4.8 /-

53 035EF 1000 3740 00 A28 - 80 S194s- e 2.3 4/

54 0ISEP 1400 2.7 4. 0.0 4.8 4/- 3.9 1.8 4/- 2.9 12,4 /-

55 0ISEF 1800 SLSHS- 00 20,7 4 22 S b- a0 5.5 b/-

( units in nanograms/m**3 )
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Downtown Los Angeles - IMPROVE Filter Date

Site: Downtown Los Angeles
Project: SCAQS 1987, Fall
Orgenization: UC. Davis
Sampler: IMPROVE Cyclone - Teflon Filters
Particulate Size: < 2.5um
Analysis: Gravimetric Mesy, Opticel Absor ption, FAST, PIXE
Units: micrograms per cubic meter for Mass and FAST: Hto 0
: 10%%(-6) meters for Optica) Absorption
: nanogrems per cubic meter for PIXE : Ne to Br
#* of Samples : 30
Column Header: 1D = Identification * of sample for each row
: Description : Start Day, Month, Time{military time, PST)
: Status = CG - clogged fiiter, uncertatn volume
= PP - Sample duration i3 >>» SCAQS schedule
= (Y - overlap of volume between 2 filters, uncertain volume
= PX - unacceptable PIXE Anelysis
= XX - did not sample
: ET = Sample Durations{decimal hours)
: M8 = Gravimetric Mass - ng/m*$3

: OA = Opticel Absorption - 10%%(-6) meters
: Elemental Concentrations (eg. Fe=iron) and uncertainties.
if element is below minimum detecteble limits{MDL),

the MOL is given{ marked by a negative sign).

DA ( 10%*6 inverse meters )

1D Description  Status ET( hrs. ) Ma

56 11NOY 0000 6.01 3147 +/-129 13864+/-595
S7 11NOY 0600 4.00 2599 +/- 153 108.23 +/- 536
58 11NOY 1000 4.00 1293 +/- 1.48 31.79 +/- 2,10
59 11NOY 1400 402 2168 +/- 160 4815 +/- 264
60 11NOY 1800 PP 13.80 3435 +/- 112 12584 +/- 497
61 12NOY 0000 6.00 2903 +/- 134 106.25 +/- 467
62 12NOY 0600 400 3657+/-188 151.28 +/- 706
63 12N0Y 1000 PP 579 4448+/-1.72 8649 +/- 342
64 12NOV 1400 401 71.42 +/- 2.64 91.50 +/- 3.49
65 12NOY 1800 6.00 6412 +/-2.18 13592 +/-474
66 13NOY 0000 6.00 97.46 +/-3.10 117.69 +/- 348
67 13NOY 0600 400 121.79 +/-396 13263 +/-4.21
68 1IN0V 1000 371 14627 +/7- 470 14864 +/- 453
69 13NOY 1400 399 6250 +/- 2.4% 68.98 +/- 2.74
70 13NOY 1800 6.00 38.93 +/- 1.56 50.68 +/- 2.06
71 03DEC 0000 601 17022 +/-521 190.08 +/- 4.18

72 03DEC 0600 400 132.06+/-423 171.43+/-525
73 03DEC 1000 380 8136+4/-290 86.46 +/- 3.18
74 03DEC 1400 400 11565 +/-377 106.40 +/- 3.41
75 03DEC 1800 600 13580+/-419 21380 +/-534

( units in micrograms/m**3 )
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1D
16
11
78
79
80
81
82
83
84
85

Description

10DEC 0000
10DEC 0600
1GDEC 1000
10DEC 1400
10DEC 1800
1 1DEC 0000
11DEC 0600
11DEC 1000
11DEC 1400
11DEC 1800

Status

Downtown Los Angeles - IMPROYE Filter Date

€T (hrs.) Ma

6.00 65.95+/-220
4.00 4983 +/- 209
3.80 35.69 +/- 188
4.00 55.56 +/- 2.21
6.00 94.77 +/- 3.01
6.00 87.11 +/-2.79
4.00 95.65 +/- 3.21
395 120.82 +/- 392
400 153.68 +/- 483
6.00 16217 +/-497

0A ( 10%*6 inverse meters )

185.32 +/- 6.56
180.49 +/- 7.67
7395 +/-3.49
85.32 +/- 3.43
192.06 +/- 577
207.84 +/- 657
298.16 +/- 10.89
141.78 +/- 447
206.60 +/- 5.83
310.02 +/- 2.07

( units in micrograms/m**3 )
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Description

11NOY 0000
11NOY 0600
11NOY 1000
1 1NOY 1400
1 1NOY 1800
12N0Y 0000
12N0Y 0600
12N0Y 1000
12N0Y 1400
12N0Y 1600
13N0Y 0000
13NOY D600
13N0Y 1000
13NOY 1400
13N0V 1800
03DEC 0000
03DEC 0600
03DEC 1000
03DEC 1400
O3DEC 1800
10DEC 0000
10DEC 0600
1ODEC 1000
10DEC 1400
10DEC 1800
11DEC 0000
11DEC 0600
11DEC 1000
11DEC 1400
11DEC 1800

Stetus

PP

PP

Downtown Los Angeles - IMPROVE Filter Deta

H
1.75 +/- 0.09
1.66 +/- 0.00

1.33 +/- 0.07
1.86 +/- 0.09
1.75 +/- 0.09
2.29 +/-0.11
2.41 +/-0.12
359+/-0.18
3.40 +/-0.17
458 +/- 0.23
593 +/- 0.30
7.4 +/- 0.36
361 +/-0.18
195 +/-0.10
878 +/- 044
7.20 +/- 0.36
421 +/-0.21
593 +/- 0.30
6385 +/- 0.34
353 +/-0.10
281 +/-0.14
233 +7-0.12
2.78 +/-0.14
477 +/-0.24
457 +/- 023
5.30 +/-0.27
651 +/- 0.33
7.73 +/-0.39
8.16 +/- 0.41

( units in micrograms/m**3 )

c

20.37 +/- 1.56

950 +/- 0.26
-6.70 +/- 0.00
-1.21 +/-0.00
19.14 +/- 058
1362 +/-2.72
2113 +/- 423
12.74 +/- 255
17.09 +/- 1.20
2389 +/- 4.00
2242 +/- 268
23.00 +/- 460
28064 +/- 310
-8.82 +/- 0.00
~6.25 +/- 0.00
47.68 +/- 7.26
3446 +/- 424
1794 + /- 2.63
2597 +/-5.19
38.49 +/- 465
3389 +/- 0.89
2337 +/-1.05
14.05 +/- 2.81
1180 +/- 2.36
32.03 +/- 3.87
46.02 +/- 9.20
4297 +/- 0.78
29.19 +/- 584
29.93 +/- 3.02
47.03 +/- 6.08
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N
0.88 +/- 0.26
-1.17 +/- 0.00
-1.17+/-0.00
-1.28 +/- 0.91
1.17 +/-0.24
1.76 +/- 0.33
~1.31 +/- 0.00
240 +/- 0.40
11.36 +/- 1.47
8.87 +/- 1.16
20.35 +/- 258
30.72 +/- 387
36.39 +/- 458
13.00 +/- 1.68
355 +/- 052

43.99 +/- 5.47
12.77 +/- 165
22.19 +/- 281
27.76 +/- 350

6.25 +/- 0.84
-1.49 +/- 0.00

3.34 +/- 0.52

7.88 +/- 1.05
16.39 +/- 2.08
12.16 +/- 157

9.08 +/-1.20
28.40 +/- 358
43.23 +/- 543
40.96 +/- 5.14

0

5.07 +/- 0.31
-1.00 +«/- 0.00
-1.08 +/- 0.00
-1.19 +/- 0.00

469 +/- 0.45

245 +/-0.27

183 +/-0.21

8.36 +/- 0.78
12.16 +/7- 1.57
16.39 +/- 1.50
28.25 +/7- 256
41.65 +/- 3.76
51.72 +/- 467
1757 +/- 160

7154 +/-0.70
56.77 +/- 5.12
42.03 +/- 3.80
24.37 +/-2.21
38.82 +/- 3.51
46.80 +/- 422
11.51 +/- 1.06

405 +/- 0.40

5.67 +/- 0.54
13.05 +/-1.20
23.29 +/- 2.11
20.79 +/- 1.89
16.43 +/- 150
43.52 +/- 3.93
58.20 +/- 5.25
50.79 +/- 458



1D PESCRIFTION
36 118V 0000
57 11ROV 4400
8 1180V 1500
59 1INV 1400
40 1IN0V 1800
61 12NOV 0000
82 1200V 0400
43 1m0V 1000
84 120V 1400
£3 1200V 1800
86 13HOV 0000
47 13M0V 0600
48 13H0V 1040
&7 13INOV 1409
70 MOV 1800
71 030EC 0000
72 03DEC 0400
73 030€C 1000
74 OJ0EC 1400
73 030EC 1800
76 100EC 0000
77 10DEC 0400
78 100EC 1000
79 100€C 1400
B0 JOPEC 1890
81 1IDEC 0000
82 11DEC 0400
83 1DEC 1000
84 11DEC 1400
85 11DEC 1890

10 DESCRIFTION
34 1INOV 0000
57 11NOV 0400
58 L1NOV 1000
59 11KO0V 1400
£0 1180V 1800
41 12KOV 0000
82 12040V 0500
43 12HOV 1000
44 1280V 1400
"85 12H0V 1800
48 1IN0V 0000
&7 13NOV 0400
&8 1340V 1000
&9 1380V 1400
70 13n0v 1800
71 0IDEC 0000
72 03PEC 0400
73 Q30EC 1000
74 03DEC 1400
75 03pEC 1800
76 10DEC 09%0
77 10DEC 0400
78 196EC 1060
79 100EC 1400
80 10PEC 1800
81 110EC 0000
82 11DEC 9500
83 HIIEC 1009
94 11DEC 1400
85 11PEC 1800

AL

96.5 +/-

128.6 /-
78.2 /-

183.4 4/-
119.8 ¢/-
133.1 4/~
130.4 1/-
2275 ¢2-
193.9 4/-
158 4/-
148.0 /-
233.1 4/~
11,3 4/-
90.4 /-

.7 1/

118.4 ¢/-
2365 /-
198.8 4/-
105.5 /-
194.8 /-
118,48 /-
104.8 t/-
120.0 4/-
-14.5 ¢/-
124.4 /-
131.4 #/-
1§5.8 #/-
303.6 4/-
174.3 ¢/-
1820 #/-

K
2.2 ¥/-
§6.8 /-
4.9 ¢/-
73,8 #/-
103.8 ¢/-
8.8 4/-
”01 t/-
159.8 +/-
11.8 /-
151.0 /-
140.3 4/-
148.2 /-
145.8 §/-
841 4/-
97.7 4-
1.7 /-
194.3 ¥/-
21%.9 +/-
145.0 +/-
2181 V-
180.8 ¥/-
137 /-
1.1 -
177.4 ¥/-
"3.? 'I"
14 4/
1.7 4r-
18,7 4/~
151.4 +/-
"5#3 4/

9.5
14.4

15.1

19.4

SI
176.4 ¥/-
158.8 +/-

- 1759 ¥/-

247.0 1/-
M5 /-
1.3 t/-
315.0 ¢/-
438.2 ¢/-
86,3 4/-
1940.9 +/-
207.7 /-
31 /-
418.3 ¥/-
237.8 +/-
118.9 4/-
33.8 +/-
a3 -
153,31 /-
1.3 /-
143.9 /-
179.2 /-
1.2 4-
B41 ¥/~
17,1 4/-
173.0 +/-
245.9 /-
298.2 /-
449.8 /-
26846 ¥/~
295.7 /-

Ch
82,2 /-
8.0 /-
96,2 4/-
104.3 #/-
126,2 +/-
124.6 /-
1445 ¢/-
203.1 ¥/
93,2 ¥/-
107.1 ¢/-
.4 1/~
§3.7 #/-
122.% ¥/-
60,8 1/-
54,0 4/-
82.4 t/-
?3.8 /-
1224 /-
39,3 4/-
54,9 ¢/-
105.5 /-
9‘-5 ’I'
118.4 §/-
142,2 §/-
94,8 ¢/~
126,5 +/-
169.2 1/~
205.8 /-
122.4 4/-
105.8 /-

1
1.9
18.0
17.0
14.2
0.9
3.1
2.0
21,8
14,5
2.8
n.2
.7
18.3
7.8
28.4
3%.1
0.3
19.8
16 '9
2.5
15.7
17,3
14.8
12.0
16.9
a4
n.7
2.9
.8
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848,5 §/-
453.5 V/-
7.1 -
54,5 +7-
428.1 /-
495.% i/-
881.1 4/
§73.8 /-
1300.3 §/-
1331 -
4104.8 ¥/-
4026.4 4/-
3019.2 4/~
4308.3 /-
1585.9 ¥/-
320.8 /-
1818.0 ¥/-
1325.1 /-
U8 Y-
3.3 V-
B1g.7 /-
554.1 ¢/-
0878 4/~
72,8 /-
890.6 4/-
§29.5 #/-
1074.8 4/-
1831.0 ¢/-
1200.8 1/-
1945.3 /-

M

6.8 1/-
S.2 4/-
13.5 ¥-
2.5 4~
2.5 /-
!’-5 $/-
17.0 §/-
3.6 V-
14,8 t/-
9!‘ {l'
2.3 H-
3.8 4/-
2.9 /-
"n’ /-
-4.2 ¥/-
12.5 ¢/-
15.8 /-
0.0 +/-
l‘o? *l'
"-1 t/-
5.7 ','
15.7 ¢/~
!7-, "'
13.2 /-
5.4 /-
1‘0‘ '/’
13.0 4/-
31,7 4/~
14.2 /-
?9.9 i-

35.9
5.6
20.3
5.8
3s.0
37,5
39.4
7.
89.6
89.5
20%.7
205.4
285.9
218.¢
B1.4
117.9
5.4
43.9
114.¢
12.0
.7
32
2707
n.y
32.%
9.9
s7.7
89.?
182.7
103.4
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185.3 4/~
-9.7 *!-
5.7 Y-
7.8 Y-
-4.7 /-
-8.7 V/-
-18.3 #/-
-12.2 ¥-
171.0 4/-
25.% -
1158.8 1/-
-14.2 ¥~
24,5 §/-
-13.7 -
LR Yo
332.3 4=
232.1 4/~
-11.8 ¥r-
43,8 /-
1044.4 ¢/~
2171 ¥/-
'97-6 *I‘
147.0 4/-
_?‘2 ’!-
7.0 4-
183.9 +/-
-12,3 /-
-1t -
-12.B ¥/-
1584 4/

v
°‘-5 *I'
-S4 -

8.4 4/-
6-‘ /-
-t -
=35 +/-
-10.6 +/-
-7.% -
-10.5 t/-
G-I 4~
23.8 /-
2.7 4~
9.4 4~
15-9 /-
-5, /-
10.4 V/-
-1.% Y-
T e
8.t t/-
18.2 §/-
-5 /-
-7.3 /-
10.0 #/-
3.5 V-
5.7 i
t.L H-
-1.2 -
19.¢ /-
«7.% -

: -

( units in nanograms/m*#*3 )
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CR

-4.0 t/-
’50’ '/'
~S:4 /-
SOS *l'
'21? ’/'
4.7 4/-
-9.6 ¥/-
'702 ‘/'
-7.5 -
‘5:5 {/-
-5.3 ¥/-
‘70, /-
-8.5 #/-
‘70' ’l'
5.4 ¥/~
’500 *I'
'702 '!'
-8.6 t/-
-5.9 /-
-4.6 ¥/-
"-’ *I"
~8.8 ¥/-
’6-2 ’,‘
'Sn! -
4.4 4/
-A.E 4/
.:l.' L"..
17.9 ¢/-
=12k

5.1 4/-

T



1D DESCRIPTION
56 11KV 0000
57 11N0V 0600
58 1INOV 1000
39 1IN0V 1400
60 11v0v 1800
61 1280V 0000
82 1200V 0400
43 12mn 1000
44 1200 1400
45 12M0v 1800
46 130V 0000
67 1340V 0500
48 1IN0V 1000
49 13NV 1200
70 130V 1800
71 03MEC 0000
72 03PEC 0400
73 030€C 1000
74 OIPEC 1490
73 030€C 1800
76 10PEC 0000
77 100€EC 0600
78 10MEC 1000
79 101€C 1490
B0 100EC 1800
81 110€C 0000
82 11T 0400
23 1IDEC 1009
84 110EC 1400
85 110EC 1800

1D DESCRIPTION
34 LINOV 0000
57 1IN0V 0400
38 1INGV 1000
5¢ 1IN0V 1400
£0 1IN0V 1800
41 1280V 0090
£2 12N0V 0400
63 1210V 1000
&4 1280V 1400
45 1240V 1800
46 13n0v 0000
67 13n0v 0400
48 1380V 1000
49 1300V 1400
70 138V 1800
71 030EC 0000
72 030€C 0400
73 O3MEC 1000
74 030€C 1400
75 03EC 1800 -
75 100€C 0009
77 100EC 0500
78 100EC 1000
79 JOPEC 1400
B0 100<C 1800
81 HIEC o000
82 110EC 0500
03 111EC 1900
84 1IDEC 1409
83 T1DEC 1899

Downtown Los Angeles - IMPROVE Filter Data

L

15.7 47-
16,4 1/-
6.8 "‘
6:7 '/‘
36,0 1/-
20.5 ./'
0.3 4/-
26.8 /-
200‘ '/'
2.7 +-
11.9 47-
=11 4~
2.8 /-
507 ’/'
2.6 1/-
30.8 ¥/-
2.9 4/-
=6.0 §/-
'513 /-
35.4 #/-
15.9 /-
264 ¢/-
28.9 4/-
24,2 1-
68,9 4/~
8.8 /-
56.8 #/-
&6.2 t/-
3702 {/'
9307 '!‘

AS
-1.7 /-
=2.2 /-
~2.6 ¢/~
-..5 /-
'lv] b-
-2.7 ¥/~
-4.1 -
=12 H-
14.9 4/-
~2.4 ¥/-
'2-‘ $/-
15.9 4/-
-1.5 ¢/-
-3.6 V-
<24 /-
-‘-S '/'
=31 t/-
'Jnl $/-
'3-' p-
‘2!? 4~
'2:1 t-
'J-‘ §/-
-].‘ "-
“2.7 4/
-1.9 -
'th ’/‘
=31 4!-
~3.2 /-
-2.9 l!-
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6.0
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slo
0.0
0.0
0.0
0.0
ole
0.¢
4.0
0.0
9.0
0.0
0.0
0.0
o'o
o'g
uh.?
0.0
8.9
0.9

( units in

fE

231.% /-
27,4 ¥/-
130.8 4/-
229.2 /-
3364 4/-
2’0.3 ','
184 ¢/-
47,1 /-
510.4 4/-
382.1 ¥/-
293.9 4/-
2133 4/-
425.3 4/~
187,53 /-
8.4 /-
J01.4 V/-
347.2 /-
2.1 -
295.2 ¥/-
386.1 #/-
3323 /-
913 t/-
9.5 /-
3327 v-
412.3 4/
410.3 H/-
S ¥/-
§30.4 ¢/-
535.% #/-
380.5 ¥/-

PR
139.5 ¥/-
150.3 ¥/-
55.4 4/-

. 81.8 /-

191.5 /-
118.9 4/-
2324 4/-
177.8 +/-
135.4 /-
213.4 §/-
185.1 4/-
188,10 ¥/-
349.8 #/-
.1 4/-

4.8 /-
187.9 1/-
322.1 ¥/-
115.4 §/-
109.5 ¢/-
291-: $-
198.4 /-
200.8 4/-
128,80 /-
129.1 4/-
265.5 /-
7.7 4
155.8 v/-
248.3 /-
193.7 1/-
lez.1 4~

- 92 -

12.1
12,1
7.4
12.1
17.4
15.4
2.2
3.3
2.8
18.9
3.3
12,7
2.3
7.4
5.1
15.¢7
18.5
1A
15.8
20.1
17.3
.0
18.5
7.5
8.5
1.2
27.1
2.4
1.7
29.8

8.7
10.
5.8
74
?.0
8'2
1.7
12.2
151
11.9
10.5
13.7
17.
7.3
4.3
7.8
18.7
10.5
’!o
1.4
7.4
H.?
1¢.0
8.0
12,4
19.9
1.5
12.3
10.3
17.2

N

'2-0 ‘/'
<38 W-
-1.0 4/-
-3.0 /-
1.6 1/-
’30' ‘l'
-4.8 4/-
-3.7 8-
LY ¢~
2-2 '/'
33 -
".2 ‘/'
-4.1 4/-
"nl ’!'
3.5 /-
‘2-? t/-
'3.8 */’
~3.8 ¥/-
2.6 /-
-2.8 4~
2.5 V-
-3.6 -
~31.¥ /-

2.3 /-
-2.1 -
'2-‘ -
-3.8 V-
-J.o -
-3.5 #/-
=34 ¥/-

SE

-1.8 t/-
'203 'I'
~2.7 -
'2.7 '/'
-1.4 8-
=2.8 ¥/-
-‘IJ '/‘
-3.3 4/-
-4 4
'2-5 17~
"17 '/'
-1 /-
'Jo‘ !l'
~3.7 ¥4/~
“2:5 W=
-6 /-
'J-] ’/'
1.7 -

'342 -

2.3 -
-2.2 /-
~1.2 /-
-5 /-
'20? '/'
=20 V-

0.0
0.0
olo
0.0
0.0
0.0
0.0
6.0
1.5
0.
0.9
0.0
0.0

b
<>

DO 0D S DO AP a M
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<>
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0.¢

nanograms/m**3 )

cy
26,4 /-
49.2 /-
7.3 4/~
8.3 ¢/-
1‘17 "'
8.7 #/-
17,2 #/-
12.5 &~
15-2 ’,'
11-6 4-
2.0 /-
18.5 4/-
!9-9 /-
2.9 ’/'
4.5 i/-
7.9 ¢-
89.3 4/-
15.5 ¢/-
5-3 $/-
12.7 ¢/-
7.? il-
5.3 -
7.0 #/-
6»1 */'
10,5 4/-
,06 t/-
14.8 §/-
1‘-9 '/'
$.9 4/~
16,1 +/-

BR

8.4 /-
324 -
7.4 ¥/-
10.1 #/-
7.5 ¥/-
35.0 ¢/-
3.7 /-
25'0 *l‘
4.4 {/-
80.3 #/-
84.8 4/-
66-’ "'
1,0 #/-
18.8 ¢/-
16.0 */'
7,-0 "'
58.2 §/-
21-4 '{‘
36-! ’l'
118.5 #/-
88.6 4/-
1 -
22,8 4/~
l’l? l/'
He.7 /-
98-7 -
145.7 4/-
49.5 ¢/-
59.0 /-
171.5 ¥+

w

9.1 /-
3.9 -
100,90 ¢/-
N -
d 487 ¥/-
5 38,1 /-
181.2 /-
15L.5 #/-
11507 ¢/-
3 8.8 H/-
FS-] /-
132.1 ¥/~
i 395.0 t/-
0 85.0 br-
:'2 *!-
.2 -
98.4 ¢/~
87,5 /-
12 ’!'

1
1
2
?
t
3 8.2 V-
0
2
k)

o =
-ra i, e

O am b mm A o M e
O Td

o
-

714 4/-
58.0 #/-
194.2 ¢/-

I 9.4 4/-
b B85 /-
11314 /-
$ 157.2 4-
7 2908 ¥/-
3 167.0 4/-
3 142,85 /-
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Appendix B

Linear Regressions Between Gravimetric Mass and Total Elemental Analysis

Appendix B contains figures of linear regressions between gravimetric mass and
the sum of elements (H to Pb) from total elemental analysis. The elements (C,
0, N, S, H) composing the largest amounts of fine aerosols were alsoc compared
to gravimetric mass. Additionally, linear regressions between optical
absorption measurements (LIPM) and mass are also shown. Figures of all the
regressions are divided by site and season. Units are in micograms per cubic

meter, except for the optical absorption measurements which are in 10~
inverse meters,
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Total Elements

Long Beach - Summer

{ units in micrograms/m**3 )

¥y = .942x - 3.258, R-squared: 935
70 . o . :

204

104

T T ¥ T T Y T T T T

0 T
10 20 30 40 50 60 70
Grz_wimelric Mass
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Carbon

Oxygen

Long Beach - Summer

( units in micrograms/m#*#3 )

y = .341Ix - 2.944, R-squared: .674

35

v r v v T
10 20 30 40 50 60 70
Gravimetric Mass

¥y = .302x - .284, R-squared: .747
20 . . s .

184

164

144

124

104

T T T Y *

10 20 30 4:) 50 ) 60 ) 70
Gravimetric Mass

..
-
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Nitrogen

Long Beach - Summer

( units in micrograms/m**3 )

y = .157x - 1.102, R-squared: .668
12 - s s A
T T T T T T v
10 20 30 40 5 60 70
Gravimetric Mass
y = .069x + .645, R-squared: .502

7 R . .
2
=]
A

70

L]
40
Cravimetric Mass

-
Tad
S

- 96 -



Hydrogen

Optical Absorption
( 10*%%§ inverse meters )

Long Beach - Summer

( units in micrograms/m**3 )

y

= .051x - .009, R-squared: .882

120

Rl

v Y v
} 40 30 60 70
Cravimotric Mass

y = 1.334x - 6975, R-squared: .574

A '

1004

g T T Y T

L T
40 50 60 70
Gravimetric Mass
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Total Elements

Claremont - Summer

( units in micrograms/m**3 )

y = .863x - 1.718, R-squared: .926

e A

T T T T
30 40 50 60
Cravimetric Mass
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Carbon

Oxygen

Claremont - Summer

( units in micrograms/m**3 )

A

A

y = 3x - .267, R-squared: .668

35

0
T L) L T A T L L
10 20 30 40 50 60 70 90 1)
Gravimetric Mass
y = .348x - 1.389, R-squared: .923

3R " A A "
30
25,
204

154

10

54

0 T L] T Ls T L] L L) v L) v

0 10 20 mn 40 50 60 70 80 90

Gravimetric Mass
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Nitrogen

Sulfur

16

Claremont - Summer

( units in micrograms/m**3 )

y = .08x + .01, R-squared: .39

144

12

104

v T v T v T v r T - T v
10 20 30 40 50 60 70 80 90 100
Cravimetric Mass

y = .054x - .167, R-squared: .632

A i " ' i i A A A

T T v v T T T T r T
10 20 30 40 50 60 70 80 90 100
Cravimetric Mass
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Hydrogen

Optical Absorption
6 inverse meters )

( 1Q0%*=*

Claremont - Summer

( units in micrograms/m**3 )

y = .048x - .003, R-squared: .886

A s " A A L A

4.5,

354

34

25,

T ¥ T T L| v T o L]
20 30 40 50 60 70 80 90 100
Cravimetric Mass

y = 959x + 8.855, R-squared: .621

i i i L " i

140

1204

3

8

s

s

] v L] v T b L] v L] A  § hd R L T
10 20 30 40 50 60 70 80 90 100
Gravimetric Mass
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Total Elements

Rubidoux - Summer

( units in micrograms/m*#*3 )

y = .897x - .536, R-squared: .889

A

v Y Y v T v T v v Y T
20 30 4 30 60 70 80 90 100 110 120
Gravimetric Mass
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Carbon

Oxygen

Rubidoux - Summer
( units in micrograms/m**3 )

y = .196x + 3.73, R-squared: .543

20

v T T T \j T T T T Y
40 50 60 70 80 90 100 110 120
Gravimetric Mass

y = .386x - 1956, R-squared: .916

454

35,

304

v T T ¥ T T T

L] T
40 60 80 100 120
Cravimetric Mass
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Nitrogen

Sulfur

Rubidoux - Summer
( units in micrograms/m#*3 )

y = 301x - 6.647, R-squared: .662

45
40+ A
35 L
30,
A
25 A A A
204
A A
A
154 A
A
A
10, Ay A 4
A
Ap A AA M
54 A A A
A
A
0 T d T v T ¥ ¥ v T v T M T A T Y T T
20 30 40 50 60 70 80 90 100 110 120
Cravimetric Mass
Yy = .022x + .648, R-squared: .512
4 A 2 i
©
35,
L]
34
25
24
15
14 °
oo
[
o T T v T v T Y T Y T M
0 20 40 60 80 100 120

Cravimetric Mass
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Hydrogen

Optical Absorption
( 10**6 inverse meters )

Rubidoux - Summer

( units in micrograms/m**3 )

y = .041x + .098, R-squared: .899

6 N . . N R . .
554 + s

54 +
45 |

44

* +

p +
35 ++ + 3

3,

4+
254 L ]
+ 4 7

2 s + : [

1.5- + # + + + P
++

1 + + * s

5 T T T Y v T d T M T T T v T T T T 12 T Y d

10 20 30 40 50 60 70 80 90 100 110 120

GCravimetric Mass

y = .759x + 11.975, R-squared: .43
160 . " . N N

g
x

._.
=]
S
X
x
v

3

3

2

404

20 ¥ T i T Y T Y T T T
0 20 40 60 80 100 120
Gravimetric Mass
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Appendix C

Size-Resolved Sulfur: DRUM and IMPROVE Filters

Appendix C contains timeplots of size-resolved sulfur sampled by DRUM and
IMPROVE cyclone samplers. The top 6 plots of each page separates sulfur into
the following 6 size ranges or DRUM stages: :

Stage 4 2.12 - 1.15pm diameter™
Stage 5 1.15 - 0.56pm diameter
Stage 6 0.56 - 0.34um diameter
Stage 7 0.34 - 0.24um diameter
Stage B 0.24 - 0.06%um diameter

Afterfilter 0.069 - 0.00um diameter
*Effective Cut-off Aerodynamic Equivalent Diameter
The bottom 2 plots of each page show total DRUM sulfur (0.0 to 2.12um) and

fine sulfur (PM2.5) IMPROVE teflon filters. Units are in nanograms per cubic
meter. Note the different scales of each plot.
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Appendix D

Linear Regressions Between Total DRUM and IMPROVE Filter Sulfur

Appendix D contains figures of linear regressions between total DRUM sulfur
(0.0 to 2.12um) and IMPROVE filter sulfur. Figures are arranged by site and
sample period in the same order as in Table 8 of QUALITY ASSURANCE AND DATA
VALIDATION, Sulfur Comparison Between DRUM Samples and IMPROVE Filters. The
bottom figures (denoted by square symbols) do not contain data which has been
eliminated. Data was eliminated if the ratio of of total DRUM sulfur to
IMPROVE filter sulfur was not within +/- 2 standard deviations of the mean of
all matching sulfur values. Units are in nanograms per cubic meter.
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DRUM Sulfur - All SCAQS

DRUM Sulfur - All SCAQS

All SCAQS

( units in nanograms/m**3 )

y = .628x + 560.183, R-squared: .587
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DRUM Sulfur - June, Long Beach
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( units in nanograms/m**3 )

y = .377x + 822,594, R-squared: .725
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DRUM Sutfur - June, Claremont

DRUM Sulfur - June, Claremont

Claremont - June

( units in nanograms/m#**3 )

y = .753x + 522.967, R-squared: .603
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DRUM Sulfur - June, Rubidoux
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DRUM Sulfur - July, Long Beach

Long Beach - July

( units in nanograms/m**3 )

y = .773x + 333.294, R-squared: .964
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DRUM Suifur - July, Claremont
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DRUM Sulfur - July, Rubidoux

DRUM Sulfur - July, Rubidoux
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Long Beach - August and September
( units in nanograms/m**3 )

y = .342x + 1643.819, R-squared: .349
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DRUM Sulfur - Aug&Sept, Claremont

5500

Claremont - August and September

( units in nanograms/m**3 )

y = .B41x + 385.651, R-squared: .61
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DRUM Sulfur - Aug & Sept, Rubidoux

DRUM Sulfur - Aug & Sept, Rubidoux
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DRUM Sulfur - Fall, Long Beach

DRUM Sulfur - Fall, Long Beach
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( units in nanograms/m#**3 )

y = .518x + 635933, R-squared: .379
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Los Angeles - Fall

( units in nanograms/m**3 )
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